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RE the profitable results 
of any of your processes de- 
pendent on accurately control- 
ling the operations according to 


a definite time schedule? The 





Tycos Tyme-Cycle Regulator will speed up production, insure uniformity and cut labor lea 
requirements. 
The use of this instrument extends to practically every industry. If you will tell us what you r 


process we will suggest applications without obligation on your part. 


Bulletin 18,000 describes this instrument. Write for it. 
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In More Than 200 of the 
Country’s Leading Laboratories 





The Large B& L Metallographic Equipment, simple, easy to 
use, positive in results 


Ove of the reasons for the great popu- 
larity of the large B & L Metallographic 
Equipment is the fact that it is a dual pur- 
pose instrument. 
For research work it has such outstanding 
features as that which entirely prevents change 
of focus regardless of the 
weight of the specimen. 
Another is the micro- 
scope design which elim- 
imates relative vibration 
of specimen and op- 
tical parts. Whatever 
the problem, the com- 


This illustration shows the microscope and 
mechanical stage. The fine adjustment 
carries so little weight regardless of the 


weight of the specimen that there can be 





no change in focus during long exposures. 


He 


' .. «.- Lhe Large 


* B&L M etallographic 
Equipment 






The permanently aligned optical system positivel 
any relative vibration between the specimen and the obj 
The lenses and vertical illuminator ar permar 
The condensers are sufficiently adjustable to allow for foc 
and center ot light 
* 


bination of optics and accessories available 
gives the instrument a range that enables the 
metallographer to make the most complete 
visual observations or photographic records. 

For routine examinations, the permanent 
alignment of microscope and illuminating 
unit enables inexperienced technicians to 
produce excellent photographs rapidly and 
ethciently. 

Let us send you complete details on the 
many advantages of this instrument. Just 
clip the coupon. 


BAUSCH & LOMB OPTICAL CO., 615 St. Paul St., Rochester, N.Y. 


Send me complete details on the B&L Large Metallographic Equipment. 


Name 
Company 


Address ............... 


Position — 
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INSTRUMENTS is more than a mag- 
azine——Why? 


Because every day it answers the 
inquiries of its readers on how to make 
the measurement or produce the con- 
trol they desire, and where to pur- 
chase the equipment for doing it. 


Because the INSTRUMENTS Ab- 
stracts, contributed from over 700 
magazines by 56 abstractors, each 
highly competent in his field, gives you 
at a glance a review of all the world's 
current developments in measurement 
and control. 


A a 


Because its articles are timely, authori- 
tative, and keep you fully abreast of 
the trend toward better measurement 
and control in all fields, including the 
electronic and electrical. 


Because the New Instrument Section 
is not a mere catalogue of manufac- 
turers’ new products, but a guide to 
the latest measurement and control 
devices that explains their construc- 
tion and operation. 


In short, a subscription to INSTRU- 
MENTS brings you much more than a 
magazine; it gives you a complete 
service for securing the information 
needed to solve your industrial prob- 
lems in measurement and control. 


VISIT INSTRUMENTS 


Whenever you happen to be in Pittsburgh be sure to make 
a personal acquaintance with INSTRUMENTS. Visit our office 
at the Forbes Building, 3619 Forbes Street, where a cordial 
welcome awaits you every business day of the year. 
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Two pole, single throw, normall) 


open relay, for use on alternating 








\ ARD Leonard Relays are economical, 
both to purchase and to operate. The coils 


use the lowest possible amount of power 
and the current carrying parts are suffi- 
ciently generous in section to prevent heat 


generation and power loss. The good wipe 


or direct current. 











movement and large area silver-to-silver 
contacts are reasons why Ward Leonard 
contacts stay bright, don’t pit or stick, and 


therefore avoid sluggish control. 


Ward Leonard Relays may be enclosed and 
mounted in any way to suit the require- 
ments of the user. Flash-proof, moisture- 
proof types can be furnished with vacuum 
contacts. The Ward Leonard policy of 
marketing relays is to build the special 


relay for the special purpose. 


WARD LEONARD ELECTRIC CO. 
37 South Street, 


Mount Vernon, New York 


WARD LEONARD RELAYS 








@ 


WARD LEONARD ELECTRIC CO. 


Mount Ver N.Y 
The various Ward Leonard Products are described in numerous bulletins. Please 
indicate on the coupon the class of products in which you are interested. 
Ward Leonard Products 
M 

Resistors Motor Starters Battery Charging s 
Field Rheostats Dimmers Rheostats — 
Magnetic Relays Projection Rheostats Automatic Voltage er 
Speed Regulators Laboratory Rheostats Regulators City and Stat 
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. or wherever atmospheric conditions 
important... accurate Temperature and Rela 
tive Humidity records can be obtained directly 
from the Foxboro Combined Temperature and 


Relative Humidity Recorder. 


@ This two-pen instrument records both 
ditions on the same chart. It is accurate 
pact—portable—and requires no installation other than 


hanging on the wall. 


@ The humidity movement is a specially developed men 
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accuracy for many years. 
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EDITORIAL COMMENT 


in This Issue 


@ The Engine Indicator—besides hay 
ine ‘big brothered” the growth and de 
aionuselll of prime movers from the 
é tial steam engine to the latest 
Diesel, is also father to a great field of 
pressure instruments. Its history is 
therefore an interesting background on 
pressure instruments and a particular- 
ly illuminating introduction to the fur- 
ther studies on the engine indicator 
which Prof. DeJuhasz will present 
monthly in INSTRUMENTS. 


@ A new moisture controlling instru- 
ment of great promise, which is highly 
sensitive and thoroughly practical, is 
the Sensitive Wood-Element Hygrostat 
described by Messrs. Loughborough and 


Rietz. 


@ Characteristics of the Primary Ele- 
ments of Flow Meters are discussed by 
Mr. Béhar in this month’s section for 


the Manual of Instrumentation. 


The Front Cover 


@ is a scene from the test floor of the 
Westinghouse Electric & Manufactur- 
ing Company when a full load test of 
a 68,750 kv-a generator is being car- 
ried out. Below is a close-up of the 
instrument set-up used by the engi- 


neers conducting the test. 





On Appraisal 


HIS is the sixth issue of INSTRUMENTS in its new form of 
larger size and increased editorial scope. The m iny Improvements 
made have by now become distinctly evident. They are all worth 


consideration, so we list them: 


1) The fields covered editorially by INSTRUMENTS have. been 
increased to include that of electronics. 

2) The scope of the fields covered has been broadened to include all 
components of the apparatus which performs the desired control fun 


tions—relays, valve mechanisms, switching apparatus, ete. 


3) The articles have been increased in number, in size and in range 


of subjects covered. 


t) Descriptions of new measuring and control devices in the New 


Instruments Section are more complete, and far more numerous 


5) Instruments Abstracts Section has been so developed that 56 
abstractors now comb through over 700 publications, both foreign and 


domestic, for “current events” in measurement and control. 


6) Also, the abstracts classification has been reorganized on the 
basis of “fields of reader interest,’ bringing all items related to your 


field of work under one heading, hence easy to find. 


7) The Instruments Index, an index of measuring and controlling 
devices, listed so you can find quickly who makes them or where to get 


them, has been improved. 


We trust that these improvements add to your approval of the pub 


lication, and invite your comments on the new INSTRUMENTS 


Not “Cold Storage Stuf” 


UE to the completeness of Mr. Behar’s treatments on flow 
meters and their appearance serially in INSTRUMENTS, an 
offhand impression might indicate that this part of The Manual 
of Instrumentation is cut-and-dried material prepared some time ago, 


but “kept in cold storage” so it can be released serially 


A close acquaintance with these articles will, however, dispel this 
notion and reveal that each installment is a current article, containing 


the very latest information obtainable up to the time of going to press 
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HY don’t modern dams give way—spreading been adopted by leading railroads, constructio g 
the same horrifying disaster in their wake? neers, industrial plants, aircraft companies, 

Why have aircraft accidents, due to structural manufacturers, colleges, research laborato 
weaknesses, decreased tremendously with this newest county, state and national government burea 45 
industry’s growth? the finest known means of analyzing forces arising 

Why don’t modern railroad and highway bridges, under dynamic conditions. 
subject to constantly increasing loads at higher This instrument, a worthy member of th g 
speeds, fail under the strain? Southwark family—headquarters for testing 

How do bearing manufacturers diagnose the par- chines for all mechanical purposes—deserves yi 
ticular requirements of giant rolling mills? tention. Write for Bulletin No. 27, a compl 

Why don’t modern automobiles line the roads with scription of the instrument, its auxiliary equi 
breakdowns, as they did only a few years ago? and its application. Sent on request. 


To what great advancement in engineering do these 
and many more problems—commercial, scientific and 
industrial, that involve stresses in materials, accelera BALDWIN -SOUTHWARK CORPORATION 
tions, pressures and forces—owe their solution? SOUTHWARK DIVISION, PHILADELPHIA, PA 

To man’s measurement of stresses under dynamic 
conditions. 

Arbitrary factors need no longer be asked to com 


pensate for unknown effects. 





One instrument, the Southwark Electric Telemeter 


Pacific Coast Representative 


(McCallum-Peters) as versatile as it is accurate, has Tue Perron Water Wueet Co., San Francisc 
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The ENGINE INDICATOR 


By KALMAN J. DeJUHASZ* 


INTRODUCTION 

[he indicator is an old and versatile engineering in 
strument. In its original conception it was intended to 
aid the development of the steam engine and in this field 
it has performed important services. The theory of th 
steam engine, and also that of the gas and oil engine, as 
well as of pumps and compressors, has been largely built 
up on information obtained by means of the indicator. 
In the development of our piston type prime movers 
from the wasteful, slow moving and heavy engines of a 
century ago into the economical, high speed and light 
engines of today the indicator has played a substantial 
part. 

Essentially, the indicator is a recording pressure gage, 
by which the magnitude of variable pressures can be de 
termined as a function of another variable. Usually th: 
pressures are recorded on a piston displacement basis. 
The area of the chart thus obtained represents the work 
done by, or upon, the work medium. For some purposes 
it is preferable to record the pressures as a function of 
time, or crank angle. From characteristic points of the 
chart the stresses in the engine parts, the timing of th 
valve, throttling effect of too narrow steam pipes or in 


Its Design and Theory 


sufhciently opening valves, leaking piston rings, on igni 
tion and combustion phenomena, intake and exhaust 
phenomena, and other data important from a design or 
performance point of view, can be determined. All these 
faults mean losses in efficiency and in power output, as 
well as an unnecessarily rapid deterioration of the en 
gine. The elimination of defects cuts down fuel and 
lubricating oil consumption, eliminates breakdowns and 
prolongs the life of the engine. By means of the indica 
tor diagram overloading and underloading of the engine 

both of which are uneconomical conditions——can_ be 
detected. 

Also, an intelligently interpreted indicator card aids 
greatly in diagnosing engine trouble and points the way 
for its elimination. 

Besides recording pressures as such, the indicator can 
be used for measuring variable forces, i. e., in various 
forms of material testing equipment, or, in manufactur 
ing processes involving the application of a hydraulic 
press. As an example of this latter application the proc 
ess of pressing a pair of railway wheels on their axle 
by means of hydraulic pressure, may be mentioned. If 
the hydraulic pressure is recorded on the basis of hy 





Fig. 1 Watt’s Indicator (non-recording). This is one of the very 
earliest models which is preserved in the Science Museum (London). 
Note balance beam and spring in tension. Height of instrument approxi- 
mately 30 in. 


Assistant Professor of Engineering Research, The Pennsylvania State 
sllege. 
tditor’s Note: This is the first article of a series 


Fig. 2. Watt-Southern Recording Indicator, preserved in the Science 
Museum (London). This Is the prototype of the present day indicator, 
containing all the essential elements. Note cock connection, spring in 
compression, pencil, sliding tablet, return weight. Height of instrument, 
approximately 20 in. 
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Fig. 3. McNaught’s 
indicator, incorporat- 
ing drum (with spiral 


spring) the first time. —— 
Note: separate cock, i 
spring in compression, j Ht — 
pencil moving in M° Naughts if 
front of adjustable 
scale — 
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draulic ram displacement, by means of an indicator, the 
resulting chart shows the curve of pressures from start 
to finish and a poor fit is detected immediately. Such a 
record can be kept for future reference. 

As a further application, the indicator can be adapted 
for recording a certain motion, such as the lift of an 
automatic suction or delivery valve, or the travel of a 
slide valve as a function of a certain other reference mo- 
tion, 

Owing to the wide variety of its uses the indicator is 
an indispensable piece of equipment in most engineering 
investigations involving the measurement of forces and 
motions. A great deal of ingenuity and painstaking re- 
search has been expended in bringing it to its present 
perfection and in adapting it to a great variety of pur- 
poses. Therefore its history, theory, construction and 
uses form a useful and fascinating study. 


HISTORY OF THE INDICATOR 

The indicator was originated by James Watt, the 
great improver of the steam engine, who as early as 
1790, or shortly thereafter, conceived an instrument for 
showing the varying steam pressures inside the cylinder 
of his vacuum type engine. It consisted of a cylinder 
and within it a closely fitting, spring loaded piston. The 
rod of the latter carried a pointer movable over a fixed 
scale. It was not a recording instrument. When the cyl- 
inder of this instrument was brought into communica- 
tion with the engine cylinder, the pressure change dur- 
ing a stroke could be observed, and, by watching the mo- 
tion of some reciprocating part of the engine at the 
same time, the pressures at different points of the stroke 
could be noted. The engines of that period only used 
vacuum and ran at the low speed of 12-14 strokes per 
minute. No such apparatus is at present in existence, 
but in Fig. 1 a modified form is shown having a beam 
connection between the indicator piston and the spring, 
resembling the balance-beam type of engines in use at 
that early period. 

At about 1796, John Southern, one of the collabora 
tors of Watt, made important improvements on this ap 
paratus by substituting a pencil for the pointer and a 
piece of paper, fastened to a movable tablet, for the 
fixed scale. Within a stationary frame the tablet could 
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be moved in a direction perpendicular to the pencil mo 
tion, by means of a string, against the pull of a weigh 
This addition made the indicator a recording instrument 
In his first experiment Southern made the card carri 

move in one direction only, producing an open chart 
Soon afterwards, however, he conceived the idea of 

necting the card carrier with some reciprocating point or 
the balance-beam of the engine, thus obtaining a c 





Fig. 5. Crosby Indicator, the outstanding feature of which Is the ellipse type 29 
nifying gear used here the first time. This is one of the earliest examples pres: 
in the Smithsonian Institution (Washington, D. C.). Another important featur 
the helical return spring in the drum. The drum can be displaced laterally and 
brought into contact with the pencil. 


{ 


mE ut 


ved 


we 


yale SUNS one eee 












Fig. 6. Crosby Outside Spring In- 
dicator. This is of the latest type 
with up to date refinements. Note: 
double wound outside spring, hol- 
low piston rod, spherical piston 
and steam jacket around cylinder. 
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Fig. 8 


Fig. 8. American-Thompson Indicator. Note 
single coll spring (in compression) removed 


Fig. 7. Crosby Inside Spring Indi- 
cator. Note double wound spring 
(in compression) with ball head. 
The position of the atmospheric 
line Is adjustable by extending or 
shortening the piston rod. Owing 
to the lightness of its moving 
parts this indicator is suitable for 
comparatively high speed engines. 
















chart from which the work done in the engine could b« 
determined. In this application the instrument per 
formed the function, and contained all the essential 
elements of the indicator as we know it today and ther 
fore its invention can be properly credited jointly to 
Watt and Southern. (Fig. 2) 

Watt found the instrument extremely useful in adjust 
ing his engines and there is evidence that the indicator 
diagram may have given him the inspiration for his great 
invention, the expansive working of steam. He endeay 
ored to keep the instrument secret, but nevertheless, it 
gradually came into use and its usefulness became ree 
ognized. Around 1825-1830 John McNaught, of Scot 
land, began to build indicators on a small commercial 
scale and substituted a spring actuated drum instead of 
the sliding card-carrier. This improvement has greatly 
facilitated the handling of the instrument and represents 
a step towards making the instrument usable at higher 
speeds. ( Fig. 3) 

In 1862 Prof. C. B. Richards, in the United States 
made another important advance in this direction, by 
reducing the travel of the indicator piston, and using a 
magnifying recording gear. (Fig. 4). This method of 
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from the hot cylinder space. Elliptic type 
magnifying gear. Drum furnished with 
volute type return spring, and a ratchet 
type detent device. 


Fig. 9. Trill Indicator. Note hollow piston 
rod, single coll spring (in compression) ar- 
ranged outside the indicator cylinder. 
Drum with helical return spring. 


Fig. 10. Dobbie-Macinnes Indicator. Note 
single wound spring (in compression) ar- 
ranged outside the indicator cylinder. Indi- 
cator body and union nut covered with : 
heat Insulating material to facilitate hand- { 53 
ling. Note unconventional magnifying gear, 

and clip for adjusting length of cord. 






VYLINMOEP 


STEAM JACKET 


PEDUCING 

WHEEL 

fo0or 
THe / Lom 


DOBBIE M«iInnEs 
INDICATOR 


OESIGN NO 





INSTRUMENTS 
June 1932—Page 139 











Fig. 11. Dreyer, Rosenkranz and Droop Inside Spring Indicator. Note double wound 
spring (in compression). Piston constructed with deep grooves and piston rod Is 
guided both above and below the piston, in order to eliminate side thrust. The 


171/94 


pear 














Fig. 12. Dreyer, Rosenkranz und Droop Outside Spring Indicator. Note double wound 
spring (in tension) fastened to a bridge piece. Forked piston rod, elliptic magnify- 
ing gear. Three different sizes of cylinder-piston sets are represented In the cuts 
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Fig. 13. Dreyer, Rosenkranz und Droop Outside Spring Indicator. Note double wound 
external spring (in compression) and its fastening to the upper part. Pencil motion 
is attached to the piston rod eccentrically in order to save space. Piston constructed 
ef separated discs. Paper clips made of wire. 


Fig. 14. Lehmann und Michels Outside Spring Indicator. Note double wound exter- 
nal spring, p, (in tension), Pencil movement is fixed to the piston rod by means of 
a clamp in order te make atmospheric line adjustable. Note forked pencil arm. The 
upper part (1) Is rotatable on a thrust ball bearing. Cap (m) protects pencil gear 
from injury. Upper Illustration shows a drum with detent arrangement. Note grease 
cup en drum axle. 
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upper body is fastened to the lower part of the body by means of an interrupted 
screw thread like a bayonet coupling; a 60° turn of the handle H locks or unlocks 
the coupling and permits the removal of the upper part together with the piston ang 
spring. 
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showing the internal construction. Piston is the laminar type with wide grooves be 
tween the discs. Note guidance of piston rod both above and below the piston 


























Fig. 16. Maihak Out- 
side Spring Indicator. 
Note arrangement of 
body; forked pencil 
arm surrounding the 











































































































spring post. Upper 
| ; part fastened to low- fin] 
O/, er body with a heat- yf tt 
insulated union nut. . ry . 
Note construction of @),)e 
piston rod upper end ee 
; 7 to provide movability : °- S 
\ } to spring head. Note e| * 
interrupted \ grease cup on drum < 2 
OF unlocks axle and single guide e = 
piston ang call, ities | = as pulley for cord. <- 
Fig. 15. Lehmann und Michels Outside Spring Indicator with Water Cooled Body, = 
suitable for internal combustion engines. Note shortness of piston rod to reduce mov- ry 
ing masses. e 
2 
* 
« 
’ ; a 
construction reduces the moving masses and thus lessens 
the inertia errors which are brought into existence at 
higher rates of pressure change. However, he used a 
lemniscoid type of magnifying gear, which intrinsically 
still has considerable moving masses. 
About 1879 George H. Crosby, of Massachusetts, 
made several important contributions to the construc 
tion of the indicator and gave it the shape and arrange- 
ment of parts which, with minor refinements, survived 
until today. These improvements consisted in the appli 
Fig. 17. Schaeffer und 
Budenberg Inside Spring 
Indicator. Note elliptic 
eves he magnifying gear and dou- wees U 
ston ble wound spring (in com- ig: Ls 
pression). : ‘ 
0 
| 0, b, c, d, f show cylinder-piston sets of various sizes; e shows a construction with 
Hm steel bushing for use on ammonia compressors; g shows a piston lubricator especially 
mn : suitable for internal combustion engines. 
aL 
y po 
‘ i cation of the ellipse type of magnifying gear, which can 


be built lighter than the lemmiscoid type; furthermore, 
in providing the indicator cylinder with an annular 


| Dna tou tone space, serving as a heat insulator and an helical type of 

@ Indicator. This Is a more return spring for the drum. (Fig. 5) Later, the same 

‘4 — nn alge ag inventor introduced the double helical spring with a ball 
tails. connection to the piston, ensuring concentricity of the 

3 load. 
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Fig. 19. Schaeffer und Budenberg Outside Spring Indicator. Note elliptic magnify- 
ing gear, quick release nut for the piston assembly upper part, also cylinder-piston 
sets of various sizes. Note deflecting ring for steam leakage. 


With the use of higher steam pressures and tempera- 
tures it was found desirable to locate the spring outside 
of the cylinder. This reduces the change in the spring 
scale, which is otherwise occasioned by the change of 
temperature, and at the same time contributes to the 
ease of handling. Such an indicator is shown on Fig. 6. 

Owing to the intrinsic scientific interest of the indi- 
cator numerous researches have been carried out on its 
characteristics and error sources. Outstanding among 
these were the early investigations of Prof. O. Reynolds 
and Brightmore in 1885 which were followed up by 
other individual scientific workers (Fliegner, Wilke, 
Krylow, Slaby, Rosenkranz, Staus, Holm) and research 
institutions, up to the present day. Ever since, the im- 
provement of the indicator has been continued at the 
hands of inventors and manufacturers; of the latter the 
following deserve special mention: 

In the United States: 

Crosby Steam Gage & Valve Company 

J. W. Thompson 

Trill Indicator Co 

In Great Britain 

Budenberg Gauge Co. 

Dobbie McInnes, Ltd 

Elliot Bros. 

In Germany 

Dreyer, Rosenkranz & Droop 

Lehmann & Michels 

H. Maihak 

Schaeffer & Budenberg 

These efforts resulted in several refinements such as 
use of improved materials, heat insulation at necessary 
points, and lighter and stronger moving parts. With all 
these improvements and refinements the normal type in- 
dicator of today is a highly developed precision instru- 
ment which is convenient to operate and is sufficiently 
sturdy to stand comparatively rough usage. Its accuracy 
is sufficient for most engineering purposes, when used on 
engines up to 250-350 r.p.m., under conditions occurring 
in stationary steam, gas and oil engine practice. 

With the augmentation of speed, pressure and tem- 
perature which characterizes the trend of engine develop- 
ment, especially that of the high speed, light weight, 
vehicle type, the indicating errors increase rapidly. In 
order to cope with these difficulties radical departures 
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from the pencil indicator type became necess 
special instruments have been developed embody 
eal, electrical and stroboscopic methods. Thes: 
dealt with in detail later. 


GENERAL ARRANGEMENT AND COMPONENT PAR 
NORMAL TYPE INDICATOR 

The rules laid down by Clerk Maxwell for th 
of scientific instruments in general fully apply 
the design of the indicator and are worthy of qu 
this place. He states: 

és .. Everything which is required in order to 
experiment is called apparatus. A piece of appar 
structed specially for the performance of experi: 
called an instrument. 

; : the fundamental principle is, that the con 
of the instrument should be adapted to the use that 
made of it, and, in particular, that the parts intend: 
fixed should not be liable to become displaced; tl} 
which ought to be movable should not stick fast; th 
which have to be observed should not be covered up 
in the dark; and that pieces intended to have a defi: 
should not be disfigured by warping, straining and 

The present form of the pencil indicator is t 
come of a hundred years of development. Duri: 
time many modifications were tried, only a few of wh 
survived. In this process of evolution the weak fi 
were eliminated and a compromise struck between 
was desirable and what was technically and co 
cially practicable. And while the improvement 
going on, it consists mainly jn utilizing engin g 


progress in materials and manufacturing process: 
in only slight design refinements. 


As a consequence the design of the component part 
of the indicator, as well as their general arrangem 
has been fairly well established. The various makes 
indicators differ only in constructional details, dete: 
mined by their adaptation for use on steam engines, gas 
and oil engines, compressors and pumps. 

In the following the arrangement in general and t 
component parts in particular of normal indicators w 
be considered in detail. 

These can be classified into two main groups: 

1) Inside spring indicators, and 
2) Outside spring indicators. 


The former are, generally speaking, less expensiv: 
build and can be adapted for higher engine speeds, but 
have the drawback of being less convenient to hand! 
and of having a spring constant which varies with ¢! 
temperature to which the spring is subjected. 

The latter, on the other hand, is more convenient t 
handle and has a more constant spring scale as the spring 
is not exposed to high temperature. But it has larg 
moving masses owing to the longer piston rod, and 
somewhat more expensive to build. Most manufacturers 
make both types. 

Besides this difference in types most manufacture: 
make normal indicators in three or even four sizes, w! 
give about the following diagram sizes: 

Size I. 5 in. (130 mm.) long, 2% in. (75 mm.) } 


Size II. 3% in. (90 mm.) long, 2 in. (50 mm.) his 
Size III. 2% in. (60 mm.) long, 1% in. (30 mm.) h 


The manufacturers usually recommend each diflere'' 


size for a certain engine speed limit, such as 200, 50 : 


and 800 r.p.m. for the three above sizes respective!) 
These limits are, however, rather exaggerated an 
leading. It would be better practice to give the magn 
tude of the moving mass, or the periodic time of \'b! 
tion with the various springs. 

The more generally used makes of indicators and 
their component parts are shown in the illust: 


which are largely self explanatory. 
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A Sensitive Wood Element Hygrostat 


By W. KARL LOUGHBOROUGH* and R. C. RIETZ* 


HE HYGROSCOPIC property of wood that causes 

it to absorb or lose moisture, depending upon the 

relative humidity of the surrounding atmosphere, 
has long been used as a means of controlling relative 
humidity at normal indoor temperatures. With more 
emphasis being placed upon problems of air conditioning 
in recent years there is a demand for hygrostats that 
are both more sensitive and more reliable than those now 
in use. Many instruments using wood as a hygroscopic 
element lack the sensitivity and reliability desired at 
present. The purpose of this article is to indicate in one 
way how wood can be used in a hygrostat as a hygro 
scopic element and still be both sensitive and reliable. 


FUNDAMENTALS 

A hygrostat that uses wood or any other hygroscopic 
substance as its sensitive element does not actually main 
tain a definite value of relative humidity where tempera 
ture fluctuations exist, but varies the relative humidity 
in response to the temperature changes so that the mois 
ture content of the element tends to remain the same. 
If wood is used as the hygroscopic element it controls 
the equilibrium moisture content; that is, the moisture 
content to which wood will eventually come when sub 
jected to a definite temperature and relative humidity. 
The degree to which a control of relative humidity is 
gained with a wood element hygrostat is dependent upon 
the relationship between the temperature of the atmos 


Fig. 1. The moisture content of Sitka 
spruce at equilibrium with the indicated 


temperature, partial vapor pressure, and 
relative humidity 
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phere, the relative humidity, and the equilibrium mois 


ture content of wood. The Forest Products Laboratory 
has determined these relations for Sitka spruce and they 
Fig. 1. 


slight variations, but the a neral shape of the curves 


are shown in Other species might show som 


would be the same for all species. For practical engi 


neering purpose S these value Ss can be consid re d ibout 

the same for all species of wood. 
The moisture content of wood at 70°F. and 50% 
relative humidity, for example, is about 99%. Assume, 
| ' 


for instance, that the dry-bulb temperature changes to 
80°F. in an atmosphere being humidified under the con 
trol of a hygrostat using wood as the sensitive element 
Then the relative humidity that results at this higher 


( 


temperature when the element remains at 9% moisture 


52%. 


about 52 variation in 


In other words, a 
temperature of 10° at about 70°F. 
of 2% relative humidity. Generally this degree of con 


trol of relative humidity is sufficiently refined to meet 


content 1s 


results in a change 


most engineering requirements. 


DESIGN REQUISITES 


considered essential 


The 


in the design of any sensitive and reliabl hygrostat em 


following qualifications are 
ploying wood as the hygroscopic element: 

1. The wood element little 
tion or drying. This qualification involves sensitivity, 


must have lag in absorp 


which in this case is defined as the time and moisture 


content change required to actuate the controls. The spe 


Sf 



































Fig. 3. Geometrical arrangement of one 
— of the sensitive wood element hy- 
sta 


*} ngineer and Assistant Engineer respectively, Forest Products Labo 

y, Forest Service, U. S. Department of Agriculture. This laboratory 

‘S maintained at Madison, Wis., in codperation with the University of 
msin. 





Fig. 2. (at right) A sensitive wood element 
hygrostat designed at the Forest Products 
Laboratory 
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cies of wood used and the design of the wood element 
are the determining factors. 

2. The design of the hygroscopic wood element must 
be such that sufficient shrinkage and swelling is obtained 
to give a reasonable amount of movement with small 
changes in moisture content. 

3. Design of the instrument must be such that little 
if any stress is involved in the action of the sensitive 
wood element when used under normal conditions of 
operation. The elimination of mechanisms for the mag- 
nification of the movement is desirable because of the 
reduction in load on the element. 

FOREST PRODUCTS LABORATORY HYGROSTAT 

A highly sensitive hygrostat having wood as the actu- 
ating element has recently been designed at the Forest 
Products Laboratory to control the equilibrium moisture 
content conditions in experimental kilns during the dry- 
ing of lumber. The dry-bulb temperature variations in 
the kilns where the hygrostat is used amount to 1° or 
2°F., and the equilibrium moisture content conditions 
within are controlled by the hygrostat to about 0.1% 
of moisture content. This hygrostat maintains its cali- 
bration and has possibilities of adaptation to many other 
moisture control problems. 

The general nature of the Forest Products Laboratory 
hygrostat is shown in Fig. 2. The elements are 1 in. in 
thickness and %4 in. in width, and are made of rotary 
cut veneer. Elements thinner than 14 in. would be more 
sensitive to moisture changes, but so flimsy that in a 
brisk air movement they would tend to vibrate. Bass- 
wood was selected for the element because it responds to 
moisture changes readily and meets the particular re- 
quirements for stiffness. Sawing elements so that the 
faces are end grain increases the sensitivity but sacrifices 
the bending strength. 

The effective length of the element described here is 
about 10 in. The shrinkage and swelling of the wood 
with small changes in moisture content is therefore suf 
ficient to actuate the controls without further magnifica- 
tion other than that obtained in the geometrical arrange 
ment of the elements. With two elements placed in a 
frame as shown in Fig. 2, the responsiveness of the in- 
strument is doubled. 

The geometrical arrangement of the two wood ele- 
ments is such that a small change in the length of the 

element produces a much larger change in the rise of its 
are. The relation shown in Fig. 3 between H, C’, and C 
for small ares is given in the following formula: 

Fees B/E CE) saipenncietienntiinniesdesniens hincianeseh (1) 
As C’ is the hypotenuse of a triangle whose other sides 
are H and C/2, the equation becomes: 


S 1/3 (8% H? c) PAR aE ror NRE Ne (2) 


Solving for H, this equation shows that the change in 
the rise of the are is approximately equal to the change 
in the are length S, multiplied by 3/16 of the ratio of 
the chord C to the original rise H. For instance, with a 
10 in. chord having a fixed rise of 0.1 in., a change of 
0.01 in. in the are S gives a change in the rise H of 

ool se . 
-X —— X 0.01 0.19 in. ; 

16 0.1 
that is, a magnification of about 19 fold when the origi- 
nal rise is 0.1 in., or 88 fold when both elements are 
considered. If the original rise is say 0.5 in., and there 
is a change in the are of 0.01 in., the rise becomes; 
3 10 

 « : 


- < .01 = 0.0387 in. 
16 0.5 


In order to get a higher sensitivity the arc S should 
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approach the length of the chord C, making the 
the are H at the controlling point very small. 


This geometrical arrangement of the wood e|; ts 
results in a hygrostat more sensitive and more re 4b), 
than when shrinkage and swelling are employed et 
ly to open and close electrical contact points or i. 
relay. With the great magnification of the shrinkag, an 
swelling of the elements at the control points, | \:t}, 
change in moisture content of the elements is r ; 
to actuate the control. It is believed that the r 


amount of change in length of the are to open o: 
the controls is obtained with changes in moisture « 
of the very surfaces of the element, resulting in a 
tion where it only requires a moisture content cha) 
the “skin” of the wood to operate the control, w! 
the moisture content of the element remains substa 
ly the same. 


RANGE 
By fixing one end of the elements in a frame and jak 
ing the other end adjustable as shown in Fig. 2, the in 
strument can be used as a controller over a wid or 
in equilibrium or relative humidity. For the low relati 


humidities the moisture content of the wood is lower and 


the elements are shortened, while for the higher re] 
humidities the elements are adjusted at a longer lengt 
The tangential shrinkage of basswood is about 9.3% 
of the green dimension when it is oven dry, so that 
total amount of change in length of a 10-in. element 
from a very high relative humidity to a very low re! 
tive humidity is about 0.9 in. 

OPERATION 


The operation of the arrangement is briefly as 
lows: Assume that the instrument is to be used in a roo 


where steam must be admitted for humidification and 


that the element is electrically operated. The adjusta! 
end of the strips or elements is moved out so that t! 
contacts make, resulting in the opening of an electr 

ly operated steam valve through some sort of an 
trical control circuit. The relative humidity increases 
through the introduction of the vapor and finally the 
creased wood equilibrium moisture content conditions 
will cause the elements to swell, breaking the electr 
contact, which results in the closing of the steam val 
The operation can be performed using air opera 
mechanisms by the use of a simple air relay and a d 
phragm steam valve. Very little if any stress is intr 
duced in the wood element by the action of the inst) 
ment, provided the supply or source of humidificat 
is compatible with the requirements. If the rate at w 
the vapor is introduced so as to increase the relat 
humidity is too slow, there will be a tendency for 
element to continue to shrink after the contact has | 
made, resulting in a tension stress. If this stress beco 
too severe, it will cause a tension set, necessitating 
adjustment of the hygrostat for it to maintain the 
sired humidity condition. 


PRECISION 

The instrument is very sensitive to slight chang 
equilibrium moisture content conditions. The actual 
trol as far as equilibrium moisture content is conc: 
when the dry bulb temperature varies a degree or ‘\ 
Fahrenheit is less than 0.1% of the moisture cont 
which represents a relative humidity control to w 
1%. Under normal operating conditions wher 
source of humidification is in proper relation to th 
quirements, the control will not vary from its ad 
ment. Repeated tests with the hygrostat described 


have shown that only because of some accident hav 
(Continued on Pare 
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Flow Measurement 
and Control 


By M. F. BEHAR** 


CHAPTER XXV 


HEAD METERS 


(Continued ) 


12. Pitot Tube, Centrifugal and Miscellaneous Primary Devices 


(a) Some Characteristics of the Pitot Type 


Pitot tube primary devices differ radically from the foregoing differential 
producers (Venturi, nozzle and orifice) in important respects, so that the entire 
“head” class of fluid meters may be said to consist of two distinct sub-classes 
with different characteristics and, consequently, different fields of application 
in the industries. 

The most important distinction is apparent as one glances over all the Pitot 
devices on the market and the secondary devices (instruments) designed for 
use with them. It is that most of them are for testing, not for continuous meas 
urements. (The reasons will become obvious as the basic distinctions a1 
brought out.) Exactly the opposite holds true with regard to the foregoing 
three types: the Venturi is universally installed permanently, for continuous 
measurement; the flow nozzle and the orifice plate almost universally. A few 
meter manufacturers have however in recent years applied themselves to the 
making of Pitot meters suitable for continuous service in industrial plants, and 
some of these fully-developed industrial tubes are described below 

Most of the “testing” forms of Pitot tubes and their rather delicate mano 
meters can be installed “permanently” for the purpose of obtaining continuous 
indications. (So can unarmored mercury-in-glass thermometers be “perma 
nently” installed in mercury wells.) 

Ed S. Smith considers that “Pitot tubes are most useful in determining flow 
conditions rather than as meters directly. Thus the Pitot traverse will show 
when a proper meter (orifice, nozzle or Venturi) will not be affected by instal 
lation conditions.” 

In its utilization of a distinct principle of fluid flow measurement, the Pitot 
type resembles the other three in that a differential head is measured. but it 
differs in that this head is the difference between two pressure readings one of 
which—the higher—is the Total or Kinetic pressure “at” one point in the 
stream, or, as the A.S.M.E. Report puts it, “the intensity of impact due to 

ntercepting a small portion of the flow, plus the pressure on the fluid at th 
point under consideration.” The other—the “low pressure” or “reference pres 
sure’—may be (1) the true static pressure (difficult though it often is to ob 
tain) or it may be (2) the static pressure minus a negative velocity effect. In 
case (1) the manometer indicates the velocity head; in case (2) a greater head 
is obtained. In case (1) the head is a reliable function of the velocity; in case 
(2) the effect of eddies may impair the theoretical accuracy. 

The velocity head varies as the square of the velocity, as does the differential 
produced by the Venturi, nozzle or orifice. In general, therefore, the secondary 
devices for all head meters are on common ground; but there is an important 
distinction, namely, that the manometer or meter body of a Pitot type meter 
must be selected to fit the conditions of flow as they exist in the pipe or duct, 
Whereas with the other types the form of the primary device can be selected 
to suit a particular form of instrument or meter body and some of the charac 
teristics of the primary device can even be altered to suit the range of the 

nometer. Thanks to the development during the past few years of several 
improved types of manometers and micromanometers covering all ranges of 


*Part VI of The Manual of Instrumentation. 
Engineering Editor. 
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Hays Dry Type 
POINTER GAGES 


ARE AVAILABLE IN 4 DIFFER- 
ENT STYLES OF LUG OR 
FLUSH MOUNTED CASES FOR 
DRAFT, PRESSURE OR  DIPF- 
FERENTIAI 


HE operating mechanism con- 

sists essentially of a slack leather 
diaphragm and a phosphor bronze 
cantilever spring attached to a point- 
er which is mounted on a pivot 
bearing. The diaphragm is a pliable, 
tough, gas-tight membrane which 
extended experience has shown to 
be ideal for this kind of service. The 
diaphragm merely transmits the force 
of the draft or the pressure to the 
flat bronze spring which in turn 
moves the counterweighted pointer 
and produces a reading on the scale 
in direct proportion to the magni- 
tude of the force. 

The spring is harnessed directly 
to the pointer in the simplest pos- 
sible manner, the large area of the 
leather diaphragm producing great 
magnification in the pressure. 

The gage illustrated above is our 
Type “J.” It is ideal for natural draft 
plants. One pointer shows over fire 
draft and the other, last pass draft; 
the spread indicates draft loss or re- 
sistance through tubes and baffles. 

Investigate the Hays Draft Gages. 
Write for your copy of our Draft 
Gage Catalog PGA-3200. 


Check the coupon for literature desired 





| Combustion Recorders. 

[-] Flue Gas Analyzers and Portable 
Combustion Test Sets. 

(_] Draft Gages. 

[] Treatise on “Handling the 
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[] Treatise on “Controlling Boiler 
Operation from CO, and Up- 
take Temperature.” 

(_] Treatise on “What Flue Gas 
Analysis Tells Us.” 
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ntial heads, it 1s an easier matter to adapt the manometer t 


making it a meter unit comparable in usefulness to the other types 


Gliters 


= 


: instruments. Recorders are fewer, however. as compared to the 
] — . map t ] nike — . . . 
I ibrary tu Venturi, nozzie and orince recording meters 


Pitot tube elements are inexpensive. They offer little obstructi 





1 appre ciable loss of head except in small pipes (in which they s 
wa ised) 
Allen The Principles and Practice of ‘ 
. 4 ] 7 4 Py 
Electrical Testing The outstanding distinction, of course, is that since a Pitot tub 
As applied to Apparatus, Circuits, and +} velocity narrow Slament C ahs eteran Lnowledoe naf +1} 
ke eg Eg agp gre renediges the velocity of a narrow filament of the stream, kn wledge of 
the Professor of Electrical Engineer- curve 1s necessary. It should be recognized that the distribution of t 
ng and Teacher of Electrical Ma- - mein a :. a ] ] ] } 
chine Design, Royal College of Sci- MN a pipe Is delicately bal anced. It is low along the side walls and na 
: A eens ‘ 1] aie all | . ] 
ence for Ireland. 365 pages. $4.20 elliptical peak at the mid-diameter. For example, in a 10-in. pipe, th 
h yr t1 lly lat front for Wo - three inche T+ +} yijal 
Campbell An Account of the Principles “5 oe 9 "id 1 resin sie ee ee en With ‘usu 
of Measurement and Calculation hydraulic flow this peak Is continually changing si rhtly It is sur 
B Norman Robert Campbell, Membe r muc h straight pipe sg quire d t\ 1] IWIN? i nend tor exam] kk 
of the Research Staff.of the General 9 : , 3 1 } ; 
Electric Co., Ltd., Wembley. 302 pages traighten out the flow and bring the velocity traverse Dack t nor 
e500 


symmetrical all around the axis 


Grant The Measurement of Hydrogen One has the choice, for permanent industrial installations. of inst 
lon Concentration tubs with the impact opening at the ‘ntral n ceeunn wil pe ane 
Ry Julius Grant (London) 165 pages : tig ‘ = , > I aig ; _— senate onelima manatees velocity a - 
$3.75 trary point within the pipe area, bearing in mind these conditions 
mn mn The averaging Pit tis not a particular form Dut Pitot devi 
Henley The Inspection and Testing of aes tae t I Mm, a ItTOt devi 
Materials, Apparatus and Lines impact opening is located at a point where the filament velocity is 
FY oe ee ium wis 7 true mean speed of the fluid. In a straight conduit of exactly circular 
tion with smooth walls and in which the flow is truly parallel so that the 
Ibbotson and Aitchison The Analysis curve 1s parabolic except near the wall, the velocity of any filar 
of Non-Ferrous Alloys ake ees ce ; ; : : tyseiet aig I 
Be ead Thboteon and. Leslie Altchi- elementary concentric annuius the diameter of which 1s | D 
son. 238 pages. $4.50 corresp\ nd to the mean speed closely enough for metering pur] 


| 
velocity curve is a semi-elli 


— en ig pse the annulus diameter 1s approximate] q 
By G. W. C. Kaye 187 pages. $3 75 An impact noie intercept ng a Nlament from UV 125 D to 15 D aw 
sidewall, therefore, may be used for the high-pressure side of a1 
Knecht and Hibbert New Reduction Pitot. This method formerly is es os , iano: iS (b 
Methods in Volumetric Analysis , nis method, formerly 1n vogue not only tor engineering 
By Edmund Knecht, Professor of continuous metering, has proved to be less reliable than theory pr 
Technological Chemistry, Victoria reantn spore ' spoilers ; eee meat 
University of Manchester, and Head reason seems to be uncertainty of velocity distribution in any give 
of the Chemical Department, Munici- curve is hardly an ideal semi-ellipse: it assumes an infinite variety 
pal School of Technology, Manches- Ln | ee 3 2 P ee 
ter; and Eva Hibbert, Demonstrator trom those for smooth pipe to those for rough pipe; from those tor sti ] 
Se Sees, ee ine oaiess. flow with low Reynolds number to those for very turbulent flow wit ' | 
echnology, Mancheste ages “ ‘ / 7 a : . 
$3.00 high Reynolds number. It being recognized nowadays that the radius giv 
velocity varies not only as anticipated with pipe diameter roughness x 
Lyman The Spectroscopy of the Ex- , WR. - . I 2 ice J venie ates, ae 
seamen, UhtreVtntet velocity but too often unaccountably, and that the annulus of mea: 
By Theodore Lyman, Hollis Professor is neither concentric nor a true circle, the averaging Pitot is no u 
of Natural Philosophy, Emeritus, in for practical Be Cine ee It ; till f Ne: ‘ 
Harvard University. New edition, largely ror practical, continuous metering. (it 1s stil found occasionally in st 
a pler calorimetric work but this and other test applications fall out cas 
ages. 3 iv - . . ; 
province of Part Six.) _ 
-alme -ss Principle Prac- a ; 
ea ee ee eee For cases where it is desired to use a fixed Pitot tube as an indust 
By L. S. Palmer, Head of the Depart- metering primary device, the central Pitot may fairly be consider ' 
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pee rate. (After all, with any other quantity-rate meter, it is mainly a qu 
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Pannell The Measurement of Fluid taking the square root of the differential, an area and some factor.) 7 
. > > F 
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Smith Analytical Processes eS . we a j £ 1 
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381 pages. $5.00 : wae : 
—— the value of 0.83 is taken for the pipe factor, the error of Pitot mete: 
| é 7 =e : 
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urement ' reading at mid-range. There are other exceptions, but the mere stat 
By Lucius Tuttle, formerly Associate 1 : } 7 - ' : A 
in Physica, Jefferson Medical College. these cases shows the desirability of making traverses 
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Great Britain. 150 pages. $2.25 metering one can make traverses at various rates of flow and plot t! 


of the pipe factor against rates of flow or against center-line velocities 
this is done, the result is a curve which departs from the square-root 
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the departure is considerable, a secondary device which extracts th 
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full-range accuracy is not required—that is, when the meter 

a fairly steady rate, the error due to varying pipe coethcient can b 
ther reason for using the central Pitot rather than 
former will either read correctly or read low. It should be located 

of maximum velocity and then if the distribution curve later wave: 
reason, the result 1s generally a lower differential. It 1s true that 


the upstream conditions could so alter the shape of the curve as t 
‘' , , : : oC 4... | at 1] 
higher peak for the same curve area (rate of flow), but this seld 
: ; ' 
sin practice. The only case that comes to the author’s mind as bein y al 


ly to happen is the removal of a disturbance. The disturbance migh 
-oduced a turbulent kind of flow with a flat-front velocity distributi 
small difference between center line velocity and mean speed, so that its 
val after the pipe coefhicient was determined would increase the center lin 
for the same rate of flow and make the meter read high regardless 
ign of the Pitot device. Or else, the disturbance migl 
kind of flow with centrifugal effects causing a fictitiously high sid 
static (fictitiously low Pitot head) and its removal w 
single-opening Pitot type meter read correctly instead of low. Aga 
listurbance might have produced a velocity distribution curve with 


Seient for 2 


nter peak and its removal after determining the pipe coefficient 


metrically centered impact opening would make the meter read high 


Lastly, we may state a distinction between the Pitot and the other thr 
es which is of prime importance in scientific work and of interest in pra 
metering: A correctly designed and properly constructed Pitot tube can 
sed as a 
n as a Standard for measuring the velocity of 
rds an ideal Pitot device does not produce any differential but merely tak 
the exact difference between Total and Static pressures 


. 
primary’ device in the sense that it can be used without calibra 


a flowing medium 
f the velocity head 


(b) Reducing Errors in Measurement of True Velocity Head 


There usually is little difhculty in obtaining the true Total Pressure with a: 

ening normal to the direction of flow, and the impact openings of commer 

il Pitot devices give little trouble, except when metering sewage 
fluids 

But it is an altogether different matter to obtain the true static pressure at a 
given point in the midst of a body of fluid in motion. Sidewall openings a: 
likely to give erroneous readings by reason of burrs, rivets or roughness of con 
duit surface nearby, and except when the fluid flow is perfectly parallel and 


ther conditions favorable, sidewall static taps are not entirely reliable. Sick 


] 


wall static taps should be carefully inspected by a competent person in every 


case. In measuring highly turbulent flow, the sidewall static is sometimes chosen 
as the lesser of two evils because it gives the static pressure with less uncet 
tainty than some trailing taps. Several commercial desig 
culty by making use of large negative velocity effects and thus providing 
“reference pressure’ correspondingly lower than the true Static Pressure, anc 
these are eminently practical for industrial metering purposes, provided onl) 
that an initial calibration be made. All such devices must be calibrated becaust 
the differential which they utilize is not the true velocity head 
In such Pitot tubes as the well-known “A.B.C.,” the side holes are locat 
vith smooth tubing for at least 8 tube diameters upstream and downstrean 
ind therefore can be relied upon to give the true static pressure in the midst cf 
2 body of fluid in parallel flow when the tube itself is correctly aligned. But. 
gain, it is a much more difficult problem to obtain the true static pressure at a 
particular point :n the midst of a turbulent fluid stream. This problem was 
solved in 1926 by C. J. Fechheimer who devised the instrument illustrated 
herewith. Before his work, it had been believed rather widely that a tube with 
ery small holes, uniformly distributed all around, should read substantially 
rrectly, as for some holes the velocity head adds to, and for others it subtracts 
om, the static pressure, the net result in theory being negligible influence of 
oeity head. It was recognized, however, even before Fechheimer’s work. that 
1a device was not satisfactory, and it appears that the reading is low b 
ut 50 percent of the velocity head. 

_ It also had been believed that the axis of a static tube should be parallel t 
e axis of the conduit, and this belief was bolstered by countless observations 
t errors increased with (always small) angles of Fechheimer ir 
eased the angle to 90 deg., positioning his tube squarely across the stream, 

he errors vanished.* 


ns get around the diff 


“yaw.” 


tioning a tube across the stream was of cours 
ed, investigated and reported on such forms 
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INST R U M F N TS Another widespread belief was that the plane of a static hole must 
lel to the directior. of flow. E. Ower goes even further and decla 
Measurement of Air Flow that “in the design of a tube to measure 


EMP LOYME N T sure . . . it 1s essential to observe the condition . . . that the flow past the 
orifice must be far as possible,the same, both in speed and direct sul 


, as 
S E RV | CE was in the free stream undisturbed by the presence of the instrum 
No charge for insertion of notices, Direction of Wind t 
which should be addressed to INSTRU- —_— , os 
MENTS Employment Service, 3619 A ' | | I 
Forbes Street, Pittsburgh, Pa., should 4 t 


cec — 


be written tersely and must be re- ‘ 
ceived by the 25th of the month. In SECTION THROUGH A-B 


Ans 
replying, put identification number on — 5] 
both envelope and letter. . i | sul 
——— Ve) 
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pany;2 years experimental laboratory 
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PYROMETER MAN: Graduate Penn- 
sylvania State College. Had charge { 
of pyrometer calibration laboratory : 


in plant with 1100 pyrometers. J-3. 


ELECTRICAL ENGINEER: Graduate a 
Charlottenburg Technische Hoch- : : the 
schule; 8 years research engineer : = Balanced 
with chemical company; 4 years : H = 
steel plant electrical engineer; can : : = re 
read German, French, Spanish and z = 
Italian. J-6. = 


INSTRUMENT SALESMAN: Mechani- = : E- of 
can Engineering Graduate; experi- : x 
enced sales and service most type of 
power plant instruments. District Fig. 25-85 
Sales Manager 5 years. Experience 
on gages, flow meter, COg recorders, pe 
pyrometers and other testing equip- . . 
ment. J-8. servance of this condition may be conducive to good results in stream! 


PYROMETER MAN: 8 years experi- Although air flow is highly turbulent in the great majority of pipes and duc r 
ence; expert electrician and gage e , ie adios ‘ , : rer ” 
(hydraulic, pressure, vacuum, etc.) met with in metering practice, still the mean flow is in steady ay! | 
service man; 3 years instrument labo- streamlines. The plane of the chord of each static hole in the approved for ng 


ratory; education equivalent two Fechhe = } Sip sgt tsa 
years of engineering college. J-9 echheimer tube makes an angle of 50.75 deg. with the direction of 
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INSTRUMENT ENGINEER: Graduate stream. 

Engineering College. Charge of in- | a 2 : - ‘x | 
strument department in large indus- Finally, there was the belief that—as Ower puts it—‘‘any device for | 

t 9 , ‘ e - ne 
trial plant for 2% years. J-10. uring static pressure will give erroneous results if it deflects the air to _ 

aan Ee Cee ioe preciable extent.” The Fechheimer tube deflects the flowing medium ol 

: ay aed ; : ra 
either broadcast or telegraph. J-12. Fechheimer’s device consists of two small brass tubes (as shown in | : 
T@ermrp Try WATT . > » of / Cor 

EER UMENT GALAN: Guetuate in Fig. 25-85), the diameter of the outer one being % in., and of the inner |, . 
years power plant specialties, 4 years in. The inner tube communcates with the outer surface through a sma - 
manufacturing experience, in shop. , A fit 4 , 1 ak 
Now NY. District Mgr. tae aliens and the annular space between the two tubes communicates with th tha 
mill, J-13. surface by means of another small hole displaced from the first hole 

sainteetadinciitiaon eh a at 

“slocttia aa parce th ree along ferentially by double the critical angle. The inner and outer tubes are t . 

s nts, ta 
testing and research. J-14. : 
ma 

PRECISION INSTRUMENT MAKER: : 

28 years experience on scientific and a a - pac 
geophysical instruments. J-15. aor ee coe rae —. 2 her conten ma a 
0; r AO, Py ad 7, {/ nrar J. 

RADIO ENGINEER: Graduate Univer- ee ee ee oe er Tube me 
sity of Illinois; 2% years experience ‘: , 
in radio set circuit and tube meas- «785° sh« 
urements as well as development, ; . 2 . 
design and patent’ investigation + ea ne 
work. J-16. Po C sity 

ELECTRICAL METER and INSTRU- m lat 
MENT MAN: Technical graduate, 8 
years in instrument laboratory of res 
electrical manufacturing company. Jj v ste 
J-17. CROSS SECTION 

INSTRUMENT ENGINEER: 2 years ON LINE A-A - 
university, 5 years public utility, 2 ' : 
years sales and service large record- q nev 
ing and controlling instrument manu- , 
facturer. J-18. : T er 

a “ nected independently to the two sides of a U-tube or other manomet r 

INSTRUMENT MAKER: ngineerin : . ne 

aad’ Weeden taitaaedn Ee. senne when the device is in a moving stream, it is turned on its axis until the ie 
" " " ] Cel 

bone Pee — Degree reads zero. Then the stream bisects the double-angle, so that if one sid 

u Oo i ° “id. y . 11 are 

ELECTRICAL ENGINEER: Graduate ‘tube is then opened to the atmosphere, the static pressure only will be 1 ke 

wash 4 aa 4h . x > - 7 
Purdue University. Experience with There is, of course, the possibility that the tube be turned 180 deg. from t vr i 
Telephone and Telegraph circuits, side, and then the reading will be too low. To overcome this difficulty, it has be Ol 
—s ee ee en ee advisable to use two manometers, one for balancing and one for reading the st 
ing and maintenance. J-20. sure, a suitable T-connection being used on one side for connecting to t for 

AIRCRAFT INSTRUMENT MAINTE- manometer. Then the manometer used for balancing would read zero for the vr 
NANCE ENGINEER: Formerly Serv- tions of the pressure tube, which are 180 deg. apart. The second manometer, w ent 
oF sy? ~ + aoe eee a ag the pressure, would then record a high and a low value for the two balanced rea 

‘ a- bkivnn 
A aA go ot go The high value is the correct static pressure. (If the pressures are below atmos; po 
problems. J-21. higher reading is the one that is numerically smaller.) ce] 
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f 25-86 shows the construction of a typical Fechheimer tube. He reports 
Pe that scratches and slight departures from a true cylindrical surface on 
a eside affect the results. The tube should be ground, so as to make it a 
= tially perfect cylinder. It was found also that the location of the hole 
oni or the use of a spherical instead of a square end, had practically no in 
f upon the critical angle. Tests were also made in a duct 1 1/16 in. in 
tometer and the results showed that the tube disturbed the flow so much that 
she tic pressures, ahead and behind the cylinder, were considerably different 
The device is not recommended, therefore, for the measurement of static pres 


, small ducts. 
When a stream is highly turbulent, it is difficult to state the 
There are probable interchanges from static to velocity head, and vice 
versa, and it is therefore impossible absolutely to define static pressure. The 
best that can be done is to standardize upon some method of measurement. It 
ie believed that measurements with Fechheimer tubes may well serve for such 
e is at least until the character of turbulent flow is understood better than 1t 


de 


“static pres 


is at present. . 
H. L. Dryden of the Bureau of Standard, commenting on the critical angle 
£785 deg., states that 


The angle between the two positions on the cylinder at which the pressure equals the 
static pressure varies with the size of the cylinder, with the distance from the end of 
the cylinder, and with the wind speed. The maximum included angle ever observed 1s 
84 deg The lowest values obtained for cylinders not exceeding 1 in., in diameter 
re about 74 deg Now the error in static pressure produced by an error of 5 deg 


a 
| 


, the location of the holes is about 8 percent of the velocity pressure, so that a tube with 
an angle between the holes of 80 deg. should not give an error greater than 8 per cent 
of the velocity pressure. For particular purposes a judicious selection of the angle would 


reduce the error. For example, if the stream were known to be nearly perpendicular to 
the cylinder, the use of holes 0.02 in. in diameter, 1 in. from the end of a 3/16-in 
inder, with an angle between the holes of 82 deg., would make the errors less than 5 


per cent . The general variations may be summarized as follows 
(a) The angle is larger for holes in the center of a cylinder running ¢ 


omplete ly 


+} nt 


> stream than for holes near the end of a cylinder extending only to the cente 


across the 


ot the stream. 
(b) The angle decreases with increasing diameter of the 


y the same 


(c) Traverses and Determination of Pipe Factor 

Since the quantity-rate is the product of conduit cross-sectional area and of 
mean velocity, it follows that the cross-sectional area of the conduit must first 
of all be known. It is not amiss, therefore, to mention the frequently consid 
erable discrepancies between nominal diameter and actual internal diameter of 
commercial pipe and tube. 

Whether the traverse is to be made with an impact tube (and separate stati 
take-off) or with a combined tube, the device selected should be so constructed 
that its impact opening (or both) can be conveniently and accurately located 
at any place from the geometric center to near the sidewall (see below for dis 
tances). It should be long enough—and with a few inches to spare to facilitate 
manipulation. It should either have a non-turning stem, to assure that the im 
pact opening will always face straight upstream, or at the outer end some sort 
of a guide vane or direction indicator long enough to assure correct head align 
ment. It should be provided with a linear scale-and-pointer arrangement to 
show the exact distance of the impact opening from the sidewall. Some com 
mercial Pitot tubes are furnished with graduated stems but this is not a neces 
sity, and some engineers prefer to take a blank strip of brass (or an ordinary 
lath), graduate it especially for the traverse with only the reference marks cor 
responding to the several pre-determined distances, and fasten it alongside the 
Stem. 


Number of Observations. Since the actual curves of velocity distribution are 
never perfect conic sections, the number of observations for an accurate de 
termination of the pipe factor should be such that the uncertainty in plotting 
these actual curves can be reduced to an extent representing, say, one-half per 
cent of the subtended area. Greater accuracy is unnecessary unless the traverses 
are made with a “Standard” tube connected to a calibrated manometer, as in 
scientific test work when the precision of the method must match the precision 
of the instruments. 

_ The majority of traverses in industrial work are made with tubes that are 
tar from being primary standards; micromanometers and other precision differ 


point’ method, which has a theoretical possible error of 0.3 percent, amply 
serves the purpose for all conduits of circular cross-section, up to medium size 
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The twenty-point method gives added assura the case of ver 
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d Propeller Fans : B] rs t t 
Associat f Fan ind t American Societ H 
Ventilating Engin thod. Where poor upstr 
xist 1t is wise to take two extra traverses on the 45 deg secto! 

For twenty points along one diameter (t id five equa 
ireas) tl ten dista Ss fT! ent il is S 





For sn I COurse, the number OT p ts st e red 
to mak¢ tor the axis of the tube t sit 1 at th 
, 

y ve! ’ + | = - am * . ’ ’ 
lined po t to the sidewall. For six points along diamete 

P ‘ 11 > e ; 1 aD 
points along e€ radius will D 408R 4R and Fiz 





head diameter, 1n order to prevent errors 1n the static side-hole rea 
S cates! toil . eel * -" Dias, a 
u i compined tubes ~) ail ne au Uu c S is alt 1dUe al ney red 
dual calibration because of the impracticability of attaining geom 
tormity with the several accepted Standards that have a coefh¢ 
— ‘ in t] we Leiealal 
rr close to 1.00. On the whole, it 1s advisable 
“ ss ae 
traverse a small pipe with a suitably small ki 
pressure at the sidewall with an independent 





Computing Mean Velocity. Having obtained the velocity head at 
svi pea es : 
f points each of which is the center of an equal-area zone, extract t 
| 
ergs Pa f Pee ee roe 
root I €aCn alld GUivide Cc Tt the UUdlIe TOOU DY Lik 1uU 
ureas. This gives the square root of the mean velocity head 
Computing Pipe Factor. In addition to the readings at the pre-d 
ints of the traverses for mean velocity, one more is needed, either ( 
+ + 5 +} ; ] + | 
geometric center or (2) at the point of maximum velocity ascertained 
curve obtained by traversing. This reading should of course be taker 


1s express 


7 . 1 } 
Same rate Of low that 1S maintained ror the traverse, and it 


same units (inches of water, etc.) but it is not used in the computation of 


pt 
1 
} 


velocity. The square root of this reading is extracted, and the pipe c 
or factor, then, is the ratio of this square root to that of the mean 
head. Therefore the pipe factor is the ratio of metered velocity to mean 

which simplifies practical metering. As stated, its usual value is aro 
for parallel flow of usual turbulence in hydraulic work and it is likely 
considerably 














noular Ducts. Fig. 25-87 shows also the equal-area method for ducts ot 16d Crystal Speaker. 
ilar cross-section. The computations are tl 
sragraphs. 

1) Rating and Calibration 156 Mereury Switch, 


the terms “rating” and “calibration” are used indifferently by maz 


ul 





in the technical jOurnals need not concern industrial users ey 


is 


to be used over a wide range of velocities. The result of a rat 





avd al } ; 
merical value; the result of a complete ca 1 sas {va 157 Ultramicroscope. \ 
may be presented graphically in the for f libra \ ! t 
suring instruments applied to variabk t use t 
Hower heing pl ) > against vel , 
ncient Deing plotted against | se: Manna nicinde: 
purpose of a rating 1s to determine the coefhcient ( t 
~ oe > ; | , , 
2gh. (An ideal Pitot device, reading the exact velocity head, would Y 
efhcient of 1.00 at all velocities.) Thi thcient t] } f 4 In) Water Works Journal, 
O Cielltl O1 ‘ all CIOCiUt! Nis COCMc! } s tn 1eS1 21 t 
letermined by the manufacturer and furnished to the us 
1 1 — _ | F 1 ‘ 
little use to the purchaser of a complete meter, unless the Pit 
eter is to be used separately. Pitot tubes are generally rated nowadays 
placed in the throat of a Venturi or flow nozzle. Since small turl 
ts there, an academic question arises as to whether or not this same ratit 160 Glass Filters. 
when the Pitot tube is used to measure turbulent flow in a pipe. H 


t 
r, experience has shown that quantity-rates of flow can be determin 


t} ] | | 


1 . : 161 Stopwatches, 
s way within one percent In the Nands Of an xperienced and SKI 


server. Formerly Pitot tubes were rated by moving them through still wat 


1 rotating swing arm or traveling carriage. The rating was equally accept ' 
ible but the nozzle method proved more convenient. The calibrated-nozzl ropift anicteorvory petted 
ethod of S. A. Moss (1916 Transactions of A.S.M.E.) is useful not only ft 
termining quantity-rates but for determining Pitot tube coefhcients at kn 
elocities of a known flowing medium. See also Bureau of Standards Resear 
napers RP49 and RP303 in which Dr. E. Buckingham has given thi Sie on auanchanrel 
] 


3 
yaralleled treatment. 


(e) Forms of Pitot Devices nA 
164 baperimenter. 


It is convenient to start, as does the A.S.M.E. Report, by divid 

: ; , | I 
f the many forms of Pitot devices into (1) the elementary | 
the static head is taken at some fixed point, usually the wall of tl ndu ; 
1 | , 1 1 : , 165 Testing Machines. 
the static tube being entirely separate trom and independent of the kinet g ‘ 
tube; and (2) the combined forms, in which the static and kinetic of 


e fixed in relation to each other, with both tubes mounted in the same casing 
nd inserted in the flow as a single unit 
From the viewpoint of the practical man considering the adoption of a Pit 


166 Lathes. J 


ype fluid meter for industrial use, the two most important questions are (A) 
whether a particular form of Pitot device being considered can be installed cor eries “O 
veniently and without excessive cost or lengthy shut-down; and (B) whether Send 3 

such particular form will give sufficiently accurate results after installation ‘a 





, : ; 167 Luthes. I 
S inder the service conditions as they actually exist ; t 
(A) Ease of installation through a small hole.in the pipe wall is the oby 
nswer to the first question. This is possible with many forms designed 
ndustrial service, some of which are illustrated. Moreover, som mmer 
rms are made for installation without interruption of service: it is possib! 


install a corporation cock in a line under pressure and Pitot devices ar an Cheeks 

inufactured with this convenience in view. Note, however, that th ng ‘I 
stancy of the value of the tube coefficient over a wide range of velo “loc! 
sacrificed in the majority of such forms, and the highest attainable accuracy Mount Vert N. 
is subordinated to practical convenience in some designs. (Note also that not ae yt 


f the combined forms designed for highest attainable accuracy can | eee ee ree 
nstalled conveniently and inexpensively and without interruption of servi eveland, Ol 
Nf se approved precision forms are all ot the “bent” design ) 170 Feed Water Control, 
» ey t ‘ ! 
_ (B) As to the criterion of accuracy under prevailing servic dition pig tet 
901 of these conditions—those of flou have been discussed above. Another. 
4% prime importance in practical metering, is vibration. For industrial metering, i771 Testing  Macninery. 


# as distinguished from test work, all forms of Pitot devices can be divided int 
(1) those that can readily be set into vibrations of such amplitude as to destroy 
racy and will inevitably vibrate considerably in actual service, and (2) bas te: 
m ‘hose forms that are inherently stable in this respect. For metering air and oon (rate of drair ) 
i gases flowing at medium velocities, and liquids flowing at low velocities, i1 7 ES on cee aoe Ch 
3 pert ctly vibrationless conduits. it is practicable to use long and slender Pitot ng shrinkage and expat 


es, but such favorable conditions are seldom met with. For the majority Inc., 314 Broadw New York, N. ¥ 
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ae ee ee oe See ae tf industrial applications we have either a tenuous fluid fiowing 
gel ig l omete! , " , 
the direct measurement of high velocity, or a flowing liquid. In fact, since the Pitot type requir 
kinemat ind ibsolute viscosities , . 
american Instrument Go. Inc. 174 Gi- manometer for measuring low-velocity air or gas, industrial Pitot met 
ay \ ashi rto ) . > L, —- = _ » ] . 4 - a ie ay 
i ‘. W., Washington, D. ‘ cations are characterized by an average value of yv* sufficiently hi gh 
173 Air Tools. Catalogue AT 2000 1 | ? 
- ad fieettatians of eit the employment of an industrial recorder or integrator, and f 
: ee ee eee oe alone most forms of long-stem Pitot tubes designed for test work ar 
I I ; oe 1ders, how to oll air grind- a 
ers, et Madison Kipp Corporation as central Pitots for continuous metering in large ducts. Moreover, 
Madison, Wis ; ] 
' ae characteristic of pipes and ducts in industrial buildings is that they 
174 Galvwanometer. Circular F-145-G , . an ‘ 
announce 1 new hig sensitivity gal iong as the plant 1s operating When a large pipe vibrates, any 
vanometer. Leeds & Northrup Co., 490 | 
bantam Anenea. Paiiahalinia Fo form of Pitot device long enough to have its head positioned at t 
175 The Graphic. No. 432 of this pub- must be of such design and must be constructed of such materials t] 
rhat Savina Kine ” Conan’ withstand this service without snapping off by reason of “fatigu 
$: I fad: Year.’ . - line-Angu resilient in order to assure endurance, its head will not only v1 
Compal ndianapolis, In , . ; ‘ a ie ‘ ¢ 
176 Relay. A circular describing a scillate over an appreciable angle. “Whipping” will be inevitabl 
phototube relay developed to simplify I 
the eration of the varied applications 
i loped in the electronic field. Ele 
tr ; ier neerir (ory LS80 M ljison 
A New York, N. ¥ / 
177 Sert- Plane. A reular introduc- 4 
in improved machine known as the LONNEL IORI 
Plane used for the determination 
perfections in textile yarns by 
inspection Alfred Suter 200 


Fifth Avenue, New York, N. Y 
178 Hardness Testers. Catalogue R-7 







ind Bulletin H 9 contain information 
yn the Rockwell Hardness Tester which mea T TURE 
zu ion all metals, hard or soft, pol- Dr, 
hed or unpolished, flat round, tubular, ay 
id ir hape For research or preci- lal (9 MOAN OMETER 
vork n the laboratory or quan- % BE VELTICA JS] 
tity inspection testing in the shop Ant WATtRFI MLO | 
WW on Mechanical Instrument > by 
It 383 Concord Avenue, New York a 


IG RAIULIATTIC CONNECTIONS 
179 Testing Machines. A circular de- 


bing material testers, building test- —_— 
_ 











e! load measuring instruments and 
t nceing machines Alfred Suter 200 
Fifth Avenue, New York ez vat AtrHeeT 
180 Gas Service Journal. Amone the SURAIS C8 OTHER : 
feature articles of the April 1932 issue * MOWENNETI F 
. ' 
of t) publ ition are the following ‘ dj 
Gas Measurement and Pressure Regu y 
lation at High Pressures’ Handling 
Natural Gas in  Kettleman Hills 3 
Through Nordstrom Valves,” etc., Pitts- - Vor Less THAn 8 A “~ Vor LeéI TAN Ba - 1 
t hE table Meter Co., 400 Lexing- \ 
nm A e, Pittsburgh, P Fig. 25-88 
INSTRUMENTS, 3619 Forbes St., a aa er eee ge Oe 
Pittsh h. P n the absence of Quantitative data (a search of the literatur 
itftsOur a. Pee . 1 rT ] | ] 
9", close any ngures on these effects of vibrations) the qualitative op 
Please have me supplied with a copy of ventured that it is not so much the amplitude of the vibrations or os 
4 , 4 | - 1 7 > | 
oo — of Manufacturers’ Literature that affects the readings of velocity head, or even the relation of 
listed above. 1 ] 7] 1 : F , 
vibrations to velocity of fluid flow past Pit ead, but the relation of \ 
tude of vibrations to size of openings (Al so, to some extent, » the r 
direction of plane of vibration to plane of ope s.) F iT exal nple, a 
02-in. side openings for static pressure take-offs will become us 
Name Pitot metering purposes when its vibrations attain an extent whi 
ee ee = lino } 
Position carcely affect the read: ng 
precision forms, when use ‘ 
Firm t 


sitive to vibrations for reliable 
1 ] . —"— 
Street and No. with large openings can D 


erate vibration conditions 





City State 





Elementary Forms 
ARISTO Decimal Minute Timer : , oe : : : 
> st and production analysis Single-opening forms find their greatest usefulness in metering liguids 
— ee flow without disturbance in very smooth pipes at velocities ur 





sions in 1 ft ite. Other timers I 
with different ca beations 408 critical, sidewall openings give the static pressure accurately, and thi 
Dis ’ Industr *lants  € - ~ _ 1 1 

ir Stop Watches of all makes can “nt i COE > fic ent of 0.97/ or better Single Openings tubes are eas 
Free Booklet on Time Study structed when the particular design and dimensions that seem called 


ARISTO IMPORT COMPANY Race “ a a ee x \ 














No. 20 ss iene Senet ‘tenet not commercially available. In making a “bent” tube, be sure to sl 
edges of the impact opening and to align the axis of the head 
An easily constructed and easily installed elementary Pitot tube is n t 
FOR SALE merely plugging the end of a ¥-in. tube and making an impact hok Pp 
at bargain prices a quantity of recording pressure dia. with “smoothed” but not quite “rounded” edges at a distance of 
gages, engine revolution counters, dial pressure from the squared plugged end. Polish the last inch and avoid scratcl 


gages and similar instruments. All new Instruments ‘ , r 
of standard make, never been used and In perfect the opening. The coefficient is close to unity and such a tube can be 
order. Have made an advantageous purchase. Large : sili a . ] . St ata - : : 7 a = Sn 2 . 
variety of sizes, types and ranges. Address in- inserted through a hole — the Ply wall. An ae or gIODE Pit \ 
quiries to—J.P.M.C., care of Instruments Pub- the seat removed furnishes a convenient gland through which the Pit 
lishing Company, 3619 Forbes St., Pittsburgh, Pa. _— i _ , . os i te 11.9 ° 

can be inserted. The opening through which the tube is installed may 
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the stati re is zero differential when the impact ope: 

turned through an angle of 39.25 deg. either side of the pipe axis. (Fecl INSTRUMENTS 
meth 

entary forms with long slender stems are easily set in vibratio1 BOOK SHELF 


mea Bent Side-hole Static Take-off 
; designation covers most of the officially adopted precision forms and Ihe books reviewed in +t! 
number of serviceable industrial forms. Fig. 25-88 (which is “Plate C can be supplied by the 


Cc 
ifore-cited fan and blower Test Code) shows the prescribed dimensior 
There shall be not less than 4 orifices” states the Code 

Moss has reported at length on the combined “bent” form with side-hok 








take-olls, and Nas made varlou pCtidl de —_ Introduction to Theoretical Seismol 

A generally similar form, also designed for precision measurement of air ogy. Part t 

ind gases, 1S described lI Chap De Sec 6, of the A S.M.I Fluid Meter ) 

Report (1931 edition) from which we quote, “Perhaps the best form of 

bined impact tube . Not practical for use in closed pipes The coeffi 

t is very close to unity.” This tube has a hea 
long. The bend at the rear is sharp and the stem is made up of tw e! 


. 1 , ’ . : 
tubes placed one behind the other instead of one within the other, wi erapl 
rs less obstruction to flow and gives greater “fore-and-aft” rigidity 
s a long-stem tube of this form easily set into sidewise oscillations ! t bject 
; 











Fig. 25-89 shows the well-known “A.B.C.” tube (American Blower Co.) 


which is officially recognized as standard by the Am. Soc. of Heating a1 
Ventilating Engineers. Fig. 25-90 is the Bacharach Industrial Instrument C 
tube of tne combined bent form with side-hole static take-off, whi 
leveloped for severe industrial service such as measuring gas carrying partic] 
dust, etc’ Connections are provided whereby compressed air or steam 


blown through the tube to clean it when necessary. A special model of thi ~ 
tube, made for measuring gases containing tar, such as producer gas, embodies 
2 coil of wire which is electrically heated, thus preventing the collection of tar fscuased: and 
Among other special industrial forms, the Pitot device of the Blast Volun oes eee 
Meter (Charles J. Clark Blast Meter Co.) deserves special mention. It 


shaped like a T the head of which is a large tube, located at the point of maxi 





num velocity and properly aligned. Static pressure is taken off through th ) 
perpendicular tube or stem. The impact tube runs alongside the stem and under t 


ne branch of the head of the T, so that the static and impact openings ar Ho 
lush and present the appearance of a figure 8. This design makes it possibl 
» cover bi th openings with a dust cap This dust cap swings on a shaft passit tional eu ; 7 etek : 

through the wall of the blast pipe, so that by pulling a lever installed cor San Geainarel nte the ef 


+ 


1 1 ‘ ’ 
veniently near the blast gage, the foundryman causes the dust cap to unmas 


+} >, an : 3 ‘ 1 
the Pitot tube and swing Tar enough away to cause no appreciable disturpba! 


Combined—“‘Rod’’—Side-hole Static _ The 
There are several commercial forms on the market that come under this star t of tl G 
sesignation. They offer the advantage that the head cor 
not bent (and in some forms is considerably smaller than the rugged stem) — 
so that they can be installed conveniently, and easily withdrawn and re-inserted momete 
Quoting from the same section of the A.S.M.E. Report: “The static holes ar A detailed and practical exposition of 





obtained by side holes on a round or elliptical tube: the side holes may bh t site Oca Or 

arranged leading a little, to approach true static, or may be trailing a little rds ok. An ar ix de 
give some suction effect. These tubes are critical, due to great variations at a ee er 2 

pressure connections produced by slight angular displacements.” If “‘angulas _ Sms DOOR. 19 exceedingly cles 

isplacements” does not refer to “whipping” this is not a serious cause of irprisingly comy lete and wv we f 
nreliability in the case of a carefully built tube machined to small tolerances eng: agg Ste Thon sage eg Mt 

Fig. 25-91 shows a tube of this classification as made by the Simplex Valve understand th neiples th 


and Meter Co. The impact opening faces the flow and there are two static to test it, keep it in adjustment, under 


j penings at the sides (at exactly 90 deg.). A more serious cause of unrelia- stand ite shortcomings, end 1 ae 
: ty, 1t would seem, is that the location of static holes within Y-in. of the 1. W. Tynar 
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tip of a long “rod” makes its readings sensitive to vibrations. An 
99 1 1 1 ] | 
rod” form in which a single static opening is located at the end (s 
hole runs straight up the tube) is made by the Pitometer Log Cory 
a : ica s ae a eee ns 1 
uring Water flow, particularly high velocities 1n large penstoc cS n 
offer small obstruction to the flow the rod is of oval cross-section an 


+ 


flattened to a “screw-driver” shape, but with rounded corners. It 
; 





irity among industrial users. In the 
t take off the true static pressure 
ff a reference pressure smaller th 
same size as the impact opening rf 
netrical forms. Both openings usuall; 
p. Large oy ngs minim ulso t 
id | reatet! tha tne vel t n t 
illy suitable for | velocities but the coefficients of most nm 
rt ror nave Mh ind to vat several per nt at vel ties 
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per sec. for air. The usual coefficient, h 


high velocities, but it varies slightly with 
tion never equals velocity head, so that 


| 1 1 7 
velocity head, but usually is from 30 to 4 
The conventional design is the “dot 


| 1 
representative tube of this form, as m ide 





. 1 1 
ment Co There are various other commerc 


facing directly upstream and downstream and havin; 


1 common axis 
The Republic Flow Meters Co. makes fourteen regular (and various s 


7] 


models of combined reversed symmetrical Pitot tubes for gases and liquid 





z - 1 ; 20 4 . - > 
25-93): and nine regular (and various special) models for steam (Fig. 2 
] + a . == — . > a . +} 
All models are readily adapted for insertion through a small hole in t 
| 
<i | a ea 
wall. In all models the kinetic and reference openings are the full siz 


ubes il 


tube and are obtained by cutting the pipe on a bevel. These t 

14 in. internal diameter and so are not subject to stoppage. Another 
tage of the design is that the angles can be cut in a jig and the same co 
obtained for all tubes. There is a straight passage through the two 


tubes so that thev can be cleaned out with a wire. The tubes P-3, P 


P-10, all for permanent installation in pipes, are made of such le 
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openings will come to the center of the pipe. It is necessary that steam 
r water be shut off of the line before these tubes can be installed and once 


installed, they must remain in place until there is a shut-down. P-13 and P-20 p f : l C d . 
ire removable tubes. They may be drawn back through the valve or corpora rofessional Wards in 


; ti im cock and then the valve or cock closed and the tube taken off and used at INSTRUMENTS 





other location. This form of tube is made long enough to reach entirely 

ross the pipe and is used, if desirable, to make traverses. P-1 and P-2 are 
milar to P-3, P-5 and P-10 except that they have four openings in the head $7.50 per month 
(or the use of reservoirs for the measurement of steam. P-6 and P-7 are like 
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All the latest developments in 
methods and apparatus for technical 


measurement. 


The ARCHIV FUER TECHNISCHES 
MESSEN presents in classified, in- 
dexed form, on sheets prepared for 
filing, periodic summaries of the most 
advanced measurement theory and 
measurement practice in science and 
engineering. Recognized experts on 
different subjects gather the valuable 
information scattered throughout the 
literature of the world, organize it so 
you can get at the subject you want 
directly, and adapt it into the most 


effectively useful summaries. 


These summaries are published in 
reports of 32 pages each, |2 reports 
annually. The series will be complete 
in five years, covering every branch 
of science and engineering. The 
editor, Dr. Ing. George Keinath, is 
Honorary Professor for Electrical 
Measurement, Technische Hochschule, 
Berlin, also author of ‘"Elektrische 
Temperature Messgeraete" and "Die 


Technik Elektrischer Messgeraete." 


In comparison to the value of hav- 
ing the most advanced "'state of the 
art’ of technical measurement at 
your command, the subscription price, 
$5.00 per year, is absurdly low. $6.00 
in combination with a year's subscrip- 


tion to INSTRUMENTS. 


Send your subscription to 
INSTRUMENTS PUBLISHING 
COMPANY, 3619 Forbes Street, 
Pittsburgh, Pa. 
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wise different from P-13 and P-20 in that they have a four-openir 
Corporation cocks are never used on steam, only cold water. 


Combined Rei ersed Collins 

This form consists essentially of a straight cylindrical tube positior 
metrically across the pipe and running through two stuffing boxes i1 
the usual single gland or screwed connection. An obvious advantage t 
is that the tube cannot readily be set into vibration by the flowing medi 
even pipe vibrations (unless extremely severe) will not make it oscil 
vented by A. L. Collins of San Francisco, it won considerable success 
Coast and has spread to other sections since 1919. It deserves mor 
mention here, not only on account of its wide applicability, but beca 
cannot refer the reader to the A.S.M.E. Fluid Meter Report (which 
mention it*). One form of Collins tube is an elementary Pitot having o: 
opening which is used alternately as an impact opening and as a “sucti 
erence opening by turning the tube 180 deg. For investigating flow c 
plotting velocity curves, etc., it is a convenient device because it car 
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Leading and yo 
Trawling Orifices 
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only pulled back and forth but turned on its own axis to face the oper 
any angle to the direction of flow (any angle in a plane parallel to th 
axis). The form which is of greatest interest in connection with pt 
metering applications, however, is the combined reversed tube with 

and reference openings. These openings are connected to the two leg 
manometer through the two ends of the tube (see Fig. 25-95). 

In some models, a plug serves to partition the two halves, and the th 
of this plug prevents drilling the impact and reference openings on one ¢ 
axis, so that in traversing small and medium pipes one cannot always bh 
tain as to the exact radius corresponding to any individual velocity re 
This is a minor drawback however when one considers that the distan 
tween the two openings may be smaller than the diameter of the openi 
some other commercial Pitot tubes. Besides, this difficulty has been | 
overcome in the Collins tube illustrated in Fig. 25-95 which, it will be 
has two openings on one side and one on the other—the axis of the one 
midway between those of the two. In the instructions for the use of this 
tube, the recommendation is made that for permanent installations “the 
orifices are located at the point of maximum velocity . . . ~ which impli 
the pair of openings is used to take off kinetic head and the single 0; 
for reference pressure. The reason is not stated and we believe that for 
and medium pipes where the velocity curve has a rounded peak rather 
a “flat front” it would be better to use the single opening for impact, in 
to eliminate (or at least minimize) uncertainty as to coincidence of the op 
with the point of maximum velocity. It would seem that this is permissi! 
judge from what the instructions state further down: 


*We are reliably informed that it will be dealt with in the next Edition of the Report 


one 
Pasir. 








e point of maximum velocity the reversal of the orifices and the liquid columns 
manometer] will give readings practically the same. The reversal is accomplished 
ng the stop pin in the handle of the clamp, and revolving the tube until the pin 
to the opposite notch. This reversal is also a check against the stoppage of an 


llins tubes are also made in the usual “cantilever” form, passing through 
tuffing-box and projecting only part way into the penstock. From the 
iture it appears that these are now being used in sets of two or four—-the 
#ing-boxes being located at the ends of one diameter or of two mutually 
nendicular diameters in one sectional plane—for metering flow in large con 
tits. An interesting feature of such installations is that by means of an impact 
me ure manifold and a reference pressure manifold, a plurality of Pitot tubes 
-onnected to the two sides of one differential-pressure measuring instru’ 
The pressure openings are presumably located at two or four points of 

in velocity but this is not essential. 


Combined—Magnif ying 

These devices are particularly useful for metering air and gases. They 
‘magnify’ the true velocity head by utilizing the kinetic energy of the flowing 
stream to produce unusually strong suction effects. The result is that the 
reference pressure may be less than the static pressure by an amount equal to 
more than twice the velocity head, so that the differential reading will be 
more than three times the velocity head. Fig. 25-96 shows one successful form 
of magnifying Pitot, the Bacharach Industrial Instrument Co.'s Type TA-70 
(U.S.Patent No. 1,419,798, June 13, 1922). It “consists of a small Venturi 
tube inserted concentrically into the pipe. To obtain a large differential pre; 
sure. the Venturi tube contains a smaller one into which projects an impact 
tube pointing in the direction of the flow. The impact pressure corresponding 
to the pipe velocity is transmitted through an opening in the side of the outer 
tube facing directly against the direction of the flow. The magnifying factor 
of this tube is 3.5 in.” (Note—What the maker calls the “impact tube” is the 
suction tube or reference pressure opening according to the terminology of this 
text.) All such tubes must be calibrated under actual conditions of flow 


E. S. Cole's “Cosine” Form 

As great an advance as Fechheimer’s static tube is a newly patented Pitot 
device, by E. S. Cole of the Pitometer Co., which gives only the “forward” 
component of the flow regardless of turbulence. When properly commercialized 
it will no doubt make the Pitot method more popular among industrial 


engineers. 


(f) Miscellaneous Primary Devices 

Although head meters are generally divided into the four recognized types 
to which the major portion of this chapter has been devoted, namely th 
Venturi, flow nozzle, orifice and Pitot, the possible number of types is limited 
only by man’s ingenuity in contriving devices which produce or utilize a differ 
ential head that is a reliable function of the rate of flow. As mentioned in Se 
7, it is sometimes possible to make use of an existing fitting as a primary devic 
Any fitting such as a valve, reducer, reducing union, ete., in which there is a 
change of stream cross-section; any fitting such as a bend, cross-over or elbow 
which causes the stream to change direction, can serve as a “primary device’ 
but of all these the elbow is the only one that has been found practical—and 
then only when it takes the form of a suitable “flow bend” with smooth inner 
surface and carefully located taps. Still another group of fittings includes 
crotches, wyes, manifolds, branches, etc., whereby a portion of the stream may 
be by-passed (the idea being to minimize the overall loss of head) and measured 
by a head meter. Another type of head meter uses an orifice as a differential 
producer and measures the differential head by means of a current meter in 
the by-pass. Another type utilizes an orifice as a differential producer but it 
measuring and integrating functions depend on automatically changing the 
size of the orifice. Another measures a proportional flow vented to atmospher 
In the remainder of this section we can only examine a few of the many 
practical devices that do not belong to the four principal types 


Winter-Kennedy Taps 

Used in a number of hydroelectric plants, these devices may well be selected 
to illustrate the measurement of flow by measuring the centrifugal head. Fig 
25-97, a typical installation diagram, is largely self-explanatory. W-K taps 
(Simplex Valve & Meter Co.) find their principal application on turbine scroll 
asings, where they are usually placed when the turbine is erected, though 
they may be located within the castings of turbines in place. The principle is 
reliable, for it has been shown that the relative velocities and pressure differ- 
ential at the outer surface of the casing and near the speed ring bear a definite 





"Black'’ Light for 


Instrument Dials 


FRAY light coming from the dash 

boards in the cockpits of small 

planes and in the pilot compart 
ments of the larger ships is particularly 
objectionable when landing as it makes 
it difficult to distinguish iirport signal 
lights. Even the dimmest of lights in 
the pilot’s seat is many times brighter 
relatively than the darkness surround 
ing the plane, a factor which makes it 
difficult for him to judge quickly ind 
accurately distances ahead and to the 
side. It is a condition much like that pre 
vailing in the driver’s seat of an auto 
mobile when the dash lights are too 
bright. The use of invisible ultra violet 
rays, or “black light,” to illuminate the 
instrument board, entirely removes all 
stray artificial light which would shine 
in the pilot's eyes 

The principle of this new lighting is 
based on the fluorescent quality of ra 
dium paint and the characteristic of 
ultra-violet rays to make certain sub 
stances glow with greater brillianey. The 
radium paint figures of the dials on an 
airplane instrument board stand out like 
a sore thumb when irradiated with ultra 
violet light. Therefore from the moment 
daylight becomes so weak as to make 
visibility of the instrument board diffi 
cult, the increased fluorescence will as 
sure good visibility even before the ar 
rival of contrasting darkness 
The use of invisible ultra-violet rays 

in increasing sharpness of the actual dial 
markings introduces another factor in 
favor of accuracy. Radium paint itself 
does not give a perfectly sharp line and 
the numerals are blurred around the 
edges. Ultra-violet rays directed onto the 
radium dials remove this fuzzy outline, 
resulting i harp numeral ind seale 
divisions 


Method of Installation 

Ultra-violet rays for iirplane dash 
board lighting are produced by merely 
screening out the visible light of an or 
dinary automobile headlight lamp. Spe 
cial glass lenses placed over the mouth 
of a small reflector allow only the ultra 
violet to pass through 

A small reflector about the size of an 
automobile spotlight, gives enough pread 
to the light so that it takes in all of 
the surface of the dashboard. It i 
equipped with a two filament automobile 
headlight lamp which add . factor of 
safety against light failure. If one of the 
filaments happens to fail during the 
flight, the pilot can merely throw a 
switch which will pass current through 
the good remaining filament and thus 
keep a continual source of ultra-violet 

The location of the light source is gov 
erned by the size and dimensions of the 
pilot’s compartment or cockpit. In the 
big tri-motor ships they may be recessed 
in the ceiling above the pilot's head or 
in the walls on either side of the instru 
ment board. The American Airplane and 
Engine Company in one of their open 
cockpit planes has installed the invisible 
light sources underneath the cowl along 
side the dashboard 

The Westinghouse Lamp Company, 
who developed this new lighting, demon 
strated the practicability of this new 
light on the Stinson test ship of the Pio 
neer Instrument Company at the Newark 
Metropolitan Airport 
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relation to the rate of flow through the turbine, although this different 
1 7 
ibly is sensitive to the position of the valves in a ring surrounding 


, 2 


Summer Courses in Chemi- 


cal Microscopy at Cornell The head may be computed beforehand from hydraulic formulas, but 
tice the head-quantity relation is checked by such methods as thos 











The Department of Chemistry at Cor ; gd re 
asl Unieewelte wih offices tnateustio:n im wad Gibson. The W-K taps are of the “flush piezometer” form 
chemical a roscopy during pe — By-Pass Devices 
n lon The equipment of the saker ini ‘ 
Laboratory is a in this field and Whenever a portion of a stream 1s by passe d around a differential 
iffords excellent facilities for study of the quantity-rates of the two streams bear a relation to each other d 
the various microscopic methods applica mainly by the respective sectional areas and by the respective losses 

ia » . , - < or oO To ad a / 

Sas ogee wi gg » OF to invesu In some cases, this meth id is employed in order to reduce the cost 
ie Seteiaieciainer nabbed: isl ima the tity-rate meter installation. In others it is employed to reduce the 

theory and uses of the microscope and its 

vecessories, ultra-microscopy, photomi 

crog? iphy, HUCPrOSCOpICc measurements 4 

na quantitative methods, crystal studies ¢ ; 
ind physico-chemical phenomena, refrac \ \ zie x 
tive index determinations, and examina OvTeR OR ion Pree stuRe ———— eee 
tion of textile and paper fibers. A course PHEZOME TER y, 

In microscopic qualit itive analy SIS, CON /. | geo apees creme ose ——— = — 
ering the reactions of the commoner fi ‘ . iabaraa ) 
metals and acids, will also be given. Both f ¢ P ; , c = 

these courses will be the full equivalent Ww: py at ap ( 

of those given during the regular college / / : “a 

year; they may be taken separately o1 | j Y er ba 

together, or other work in the depart oe \ c 
ment may be carried on, according to the iM Y + rs = 4 oe 


needs of the student 


session opens July 11 and “HALF PLAN - SCROLL CASE~ 


The summer 
continues for six weeks, but persons not Srrowims Peron yerR LOCATION %» Prana 
desiring university credit may cover, in 
i shorter period, portions of the work ¢ wir 
Any inquiries should be addressed to 
Professor C. W. Mason, Cornell Univer a i 
sitv, Ithica, N. Y., who will have charge tet 
of the courses “ 
wore 
TAPS AT ki, "we key ARE USED (a — —— — - —~ 
e ° ° IN EMERGENGY TO GET SUITABLE 


MANOME TER kVA S 


he A.S.M.E. for the past few months 





























has received many requests from industry =e s ad = 
for information on lubricants and bear / YB on aie ieee rene 
ing testing machines and special informa Se ee ee eT : ana 
tion regarding the lubrication of ad = — = ——* 
vanced types of all classes of machinery g | a \$@ 70 liven Pre 
his is an indication that there is occur | :- 1T Ry - 
ring all over the world increased activity ye 4© 
in machine design and construction and = 5 4 ‘ 
a greater appreciation of the higher sy 4 —huver or Low Pressune ees 
economies that can be secured through mie PIETOMETER eh S , 
the proper study of a lubrication prob \ , 
lem 

In order to meet this demand, the Seen a ti 
Lubrication Engineering Committee of Cena Prcrome ren ea 
the Petroleum Division of the Society, i. 


ifter consultation with the leaders of 


various branches of industry, considered “Aecrane . ELevarion A-B-C- 


that it was advisable to prepare a com 

plete course of instruction for the train Fig 1 

ing of lubrication engineers. This course, of head. In others the chief Pevnaieg is the use of a quantity meter 
in the form of a report, would deal with =— oe lire lex re ery ae 
the fundamentals of lubrication and with y-pass, to give registration or Girect em readings The rate at wi 
the application of the lubricants to all index readings or registrations of such a meter increase is equal to the 
classes of machinery. It would also ex root of the head produced by the by-pass primary device when the cor 
plain the testing of such machinery to installation is sseniae designed and in good order. Therefore the diff 
determine if the most effective lubricants het wee , . ling k > dav . il] — 
hove: eam applied audi Sedlonie fier 0 ‘tween two register readings taken, say, one day apart, will give the qu 
correction of the application systems can of the main flow that has passed in 24 hours, practically as if a very larg: 
be applied in order to bring about the tive or current meter had been installed to meter the main flow 

highest degree of economy with the low There are commercially avi il ible devices whereby this result is achiev: 
est possible cost for power and main kno d - . } } Id se | | F om Ts Sew ee) Bae ‘ 
penne. Whe. chines Su albett enunns ter ow of 1one which Is so parately; and for industrial service it is 
cients Summatilinin at inl tai See, tae whole preferable to install tie combination of a primary and a sec 
ing of the lubrication engineers for the device 

oil companies. The report is being writ The National Meter Company makes a by-passed Venturi, with a1 
ten and revised by the leading experts in a ae ee ispl. oa bias . | he b It is / 
the Gubraicue and aiiel: Selastolie naa pire’ (positive-displacement) meter inserted on the by-pass. It is said 


is being reviewed by the chief lubrication the only meter for use on large mains which “does not need adjustment” ( 


engineers of the important lubricating registering volume with the accuracy that characterizes the positive-di 
er me It cee in oe en A ment meter employed). The design of the combination is such that a: 
of preliminary writing and after its ac : Siac did Sei! eM ’ ey: <1 “ae eee 
ceptance by the various trade associa small meter could be substituted for the one furnished This is likewis 
tions will be made available through the sible in the case of the “Shunt Meter” (Builders Iron Foundry), Fig 


Society in which the primary and secondary devices are compactly arranged 
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will be described in Section 15, tor it is a head meter, but attention ma‘ With the growir rendeney to 
sae 1 a a3 La : Ae eronautics l n everv-dav fact 
alled to the primary device in the upper part of the illustration. Not Sie Gee er Adee ce 
* } I 1 1 } } 1 net tern t 
segmental orifice 1S employed to produce a differential head, and that standards of comfort hich have he ‘ 
yass ends up opposite the vena contracta—a design which, without the rule in the older fort if 
- overall loss, provides a “pull” so reliable that the characteristic curve tation, the engineer ere forced 
= cae I : a 1()¢ | 1506 a = n res study one of the reatest tactors of 
ne gligible departures yvetween i oc and | © OF rated capacity pean atveetian 
‘ Excessive vibration leads to ‘ 
a “Flow Deviator Seeae yar te 
’ y ] ‘ ; 
- device (Askania Werke, American Askania Corp., agents) 1s tf 
ng compressed air and pure gases It is int -restingly unique 1n severa . 
> . a eg Soc oo oe f 
ts. one of which is that it can serve as the primary element (1) o - 
, {flow indicating or recording instrument, (2) of a quantity meter, 
“ 1 ; ew ; —~IWNPT nad wCIt? - 
(3) t the same time of both an inferential instrument and a positive met 
endent of each other except that they are elements of the same installa 
low indicator or record snot a dith t 
i ind th { pr re thus d tl ‘Sul 
ume of the by-passed fl oe ie 
cessories; erroneou indication oft 
truments, fatigue of tructural mie 
bers, and last, but not le ist, fatiwue of 
the oe up mts 
\ vstemath tudy of thi probe 
both from a theoretical a ell 
. _ empirical standpoint, by Mr. Stephen J 
Zand, consulting engineer of Ne York 
City, resulted in. the development ot 
new recorder called the “Vibrow? mph,” 
| 1£ 99 photogy iprtade instrument of ery " 
: size and weight \ great number of rec 
ords were obtained on many civil and 
Fig. 25-98 military airplanes, and these data et 
ig. 25-98 
ihled him to find out way of redueu 
function” of the main flow. As to the advantages, in addition to uniform! ee ee ee re 
1 levels which ar pted by the tr | 
graduated flow scales, it is claimed that the meter of which this is the primary gla 
levice “is the first one yet manufactured whicl yable of measuring sati ae ta 
device 1S € : c yet Me dc ec CN 1s CdpaDie OF Measuring satis During the National Air Race 
factorily a pulsating flow of compressed air or gas. It offers the only possibl Cleveland in 1931, a paper entitled, “A 
means of exercising supervision . . . in front of and behind piston machines, ie er peel gana ee iia e 
1 sonre Vibration” ‘ read before the 
where consumption is intermittent, or where temporary fluctuations in the floy eee A Bie ka aes 
a “ a 4 ocret oO Wome ‘ mines | 
ccur.” It is further asserted that “even where the flow is intermittent it paper was considered the best aeronat 
vives faultless readings.” tical paper of the year 1931 and for thi 
The Askania device comprises more than a primary element, as is apparent work Mr. Zand was awarded the Wri 
. . > ~ : 1 Brothers’ Gold Medal, 1 ' ird whiel 
from the schematic diagram, Fig. 25-99, in which the primary differential Salita a Pane he “dot 
" / 5 ; Cons ere one oo i“ erie nol 
producing element installed in the main conduit is an orifice plate g. There NNT I BER AR FON 
are in fact two other orifice plates, | and m. The head, P,—P,, produced when Mr. Zand is 36 years old and a native 
gas is flowing through orifice g, varies of course as the square of the rate of of Poland. He graduated in 192 
] 4 , Mechanical Engineer from the edera 
flow, but it is measured by means of other orifices and related devices so a Sulictestasinel Urakecvaitw in fave. Serit 
J am , : olytechnical ive \ » Aurich, \ 
ranged, we may say, that the square root is extracted. This appears to be the otlanl end teins studied esscmaull 
general principle—which principle is not set forth in the lengthy published engineering in one of the government 
English description from which we take brief extracts*: chools in Paris, France He came to tl 
‘ countrys in 1925 ine orked t the 
\ primary — which may be either an oriti —, zzle, or V ~~ bube— Curtiss Aeroplane Company for ’ 
installed in the pipe, oe flow through w uch it 1S require¢ to neasure 7 is ele ‘ Later he joined the Aeronautical Depart 
5 rise to a differential pressure, py P2, nN thel 1 TOW S* I ' ment of the Ford Motor Company, and 
taps are connected to the flow deviator, which contains two chambers n ar d o, separated eaviv: tx 1900 became ansociated with. the 
y a sensitive diaphragm. To this diaphragm is attached needle valve q in the upstrear Taylor Instrument Company in Row 
i ind downstream pressure connections there are two small orifice plates | and m, whic! ester, where he was head of the Aer 
equal in size. While | performs an important function in the actual process of meas nautical Department. After spendir 
ment, the purpose of m 1s merely to synchronize the filling ol the two chambers some time with the Pioneer Instrumet 
; and to prevent overloading of one side of the diaphragm when the flow vi nrst Company as a research engineer, he ¢ 
‘arted or any sudden change in the pressure occurs is prevents damage to the di tablished himself as a consulting enginee: 
hragm or the needle valve in New York City 
soon aS alr or gas begins to flow through the mai pipe, pressures Py and pe le has been leeturing in eveni 
spectively are set up at the upstream and downstream taps and are mé fiat \ schools in Detroit, Rochester and Ne 
ated to the diaphragm. Pressure Pi in the chamber o (being greater thar p2) York on different aeronautical subject 
leflects the diaphragm to the right and thereby opens the needle valve q until a suffi During the war, he was in the Frenel 
volume of air or gas has escaped through it to equalize the pressure at pe in thé ind later in the Polish Air Service 
hambers o and n. The effect of this is that in front of orifice plates g and | (read 
| P Oct 
$ hese have been severely edited to make the terminology conform to Ameri sage For ae | | 
o ‘by-passed flow’”’ has been changed to ‘‘vented flow.’’ No portion of the flow is by-1 ed t 
3 n is vented to atmosphere. 
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The Franklin Institute, Philadelphia, t hirect t )t : é 
one { the orld’s outstanding scientific pre J p2 x i t © f t é y j 
titutions, has awarded a John Price . . I t t t I 
Wetherwill Medal to Halvor Olsen Hem. a Eee afk on Ee Lema 
JUal ) iS€ S it er l | | I I the tot 
ulting engineer of the Toledo Scale a A Oe EERE EE ODT he RE ER RG MP IAL E> ee 
Com t The rd was ide, “in con PI t tl I ] Jime S 4 i e piate 
sideration of the ingenuity shown in per I t the I t - 
Tecting es of the pendulum type, im ' nt . sa g 
| I; rder that the sa flow deviator may bs J at different 
ing heir ecuracy, reliability nd PA qi > we | , ) A 
itiveness, and for the application of plate | fitted to the flow deviator is made inter rat 
thee T, es to specilic purposes.” nre . ¢ + let te; thicie * where the ryt Tt + 
In 1915 Mr. Hem joined the Toledo , f the latter “qlll thes Ti Wag NERY i , 
aLLCi Wi ‘ x t c « aL t wet L L a | 4 = 


s Company. Since tha ; s "Then guantitv meter: wort al 
‘ nper ince that time he ha When quantity metering is desired, the proportional flow pass; 

















d med iany devices oO varticular , I> leo 4 ia mo } j } 
esigned on i¢ for particu needie valve g is metered by an ordinary domestic or test g ter 
hy prob] < S iit won 7 } 
eighing problems. His ability has wo at Z, and thence escapes to atmosphere, since there must not bh 
de ac im in the automotive field for recor }, By 1d ; 
clal 1utom i pressure. (Obstructing Z would fact make t meter perative. ) 
hich he has designed devices for bal Thore " - 4] . j 
‘ 7 W hen rate-of-tlow mete s desiré d 
neing various reciprocating parts, such the tlow whic} Ss passing letermined with tl ssistal t th t 
s connecting rods: in the mining field, D, which 1s either screwed permanently ¢t tne f] MA h t ( € Nit 
‘ leat elhiohs pammenns acta, ai 7 o's ¢ £ oe 
here he devised a new system for weigh ~ y « peta es é Iindging t sphe ) e| Se t 
ent dist e behind t on ; , fect £ ot, aiaih A 
ing loaded mine cars and computing the ¢ I 
ipillar tridge is that t t sary t 
mount of iste stone in the useful coa resistance, is directly proportional to tt a f the flow. T 
ista G1 CLIY T [ t ai tO The voiume Un € W nis p s 
at the I t B d pres e gages r gers 4 Dé ted and t 
ry ry 7 the quantity-rate of the vented flow ibic feet tres per minut 
flow, having passed through the car : rtrids s either allowed to « 
Bailey Meter Company’s iutomat atn sphere at 7 or else it is led on ¢ » meter 


control for open hearth furnaces will be Thus one of the 








the principal feature of a disp! iy in space ranslate into ordinary I 
P-136 at the Iron and Steel Exhibition g, 1S analogous to 
which is to be held at the William Penn X XITT) whi h is used tor nrovin rth registration rat f high-nre ‘ 
icn 1 dg for proving registra nN rate Of hign-pressu 
} ao Oe »- 02° a swipe ter } _ s31] - —- ” ; 
Hotel, June 20 to 23, 1932. In addition to GIS] lacement meters The CaPlliary cartridgs D serves the same 
a aha J 1, lacs Wi oe “as sa 
the material on automatic control, a fuel the standard Pierce mince through which the gas that has passed t 
fi ur flov ratio meter and a fluid meter is discharged to atmosphere [ se 18 made in the Pierce dev 
bos } ex} tas y nr > hr sed " 
rhe l be ipited is passes T TO da 1) orince nd t 
is less tha half the netrea os ee 
. ¢ @ 
I gas at pressul ittains t! ve city of 
~ j } 
Mercon Regulator Company announces y 1 Mas been determined that there 1s : 
ointment of the following new agents nd ti ipstream pressure, Dut t TOT! 
< its district represent itives: E. Fr it tor 11r V ted t itr sp} r¢ A a 8 § 





Espenschied, 1008 Hill Building, Wash I less than eight terms, on ich moreover 1s 






































ington, D. C.: M. N. Dannenbaum, 70S ind ratio of specinc Neats oDtained Ya sec 1d Gg Guat D 
Bankers Mortgage Bldg., Houston, Askania device uses the gas-viscosity idea and not the Pierce idea. t 
lexas; Cowles and Company, 721 Mer rate would be proportional to the pressure divided by the viscosit 
cantile Bank Bldg., Dallas, Texas: Boiler temperature ¢ efficient It viscosity w ild b difficulty I Mor 
| juipment Service Company, 686 Greet flow rate c fic I microsc P rific s (using scosity la Ss) ar 
od =Avenue, tlanta, Ga.;: Cothrar isly unreliabk re it would t esting t k \ t 
Ravles Company, Commercial Bank ; fl yA devi it rs ire 1d} ste d at tne factory 11 rder tnat I I 
Bldg. ¢ rlotte, N. ¢ scal gage Cc ected at Bca indicate th Quantity-rat Ger 
independent of changes in pressure, temperature, specific gravity 
> 2 this is actually done is ed in the assert that “the readings are g 
Herman H. Sticht & Company have cccurate tO Witl 2 to 1 percent. 2 percent being t guarant 
oved their offices from 15 Park Row, rro! 
y ; ; . Sas ra »- 
New York City, to larger quarters at 27 Linderman Method for Gas Measurement 
ae ae In the Linderman Orifice Meter (American Meti e pr 
‘ A é s an ad ustable orifice of the “gate valve” forn ctive az 
rifice is changed by an ctric motor so controlle his area is 
Lhe Kror Company, formerly The proportion il to the rate f flow expressed in standard cupic Teet per ! 
American Kron Scale Company of New Lutomatic mechanism bei g part ot the meter assembly. it wil he des 
York, and now located in Bridgeport, Section 15. The meter is mentioned } because its p y device is 
Conn., n ufacturers of industrial scales, “type.” which may be desig1 ited as the self-adiju pointer att 
has just ippon ted George A. Nichols as the Gate stem traveis al mg a vertical sc ile whi h - ited COI 
their New York District Manager. Mr volume per hour. In other words, regardless of changes in the rate of 
Nichols will be located at 801 Chrysler the temperature of the gas, ts press I ts specific gravity, t 
Building. Mr. Nichols was formerly the f the gate (and hence of Various secondary dey ces) 1s proportior t 
New York District Manager of the rate of flow in cubic feet. at base pressure a 1d base temperature iT g 
Wright Manufacturing Co., of which Mr specified density. This device therefore finds important applications 
Straw, now President of The Kron Com not only the demand varies considerably but also the temperatur t 
pany, was assistant General Sales Man pressure and the specific gravity of the gas. For example, a small t 
uger. The Kron Company is now build chasing gas from a remote source under the usual contract but des 
le sales organization avoid the expense of the usual metering and checking methods 
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Steam-Operated 
Controller 
C. J. Tagliabue Mfg. Co. 


IS new steam-operated temperature 
ressure controller utilizes, with 
iste, the pressure of the steam 

erate a diaphragm valve. Variations 

é ressure do not affect the accu 
mtrol as a differential pressure 

nd below the diaphragm governs 
the steam valve opening. 

\ feature of this controller is the com 

ontrol head which houses the con 

nort as well as the thermostatic bel 

nd which is claimed to eliminate 

f ge, corrosion and possible injury 
without. 

[he normal position of the steam 
e is closed. Steam enters the valve 
we the seat and passes at once into 
he lower diaphragm chamber through 
ning (K) pushing the diaphragm up 
nd opening the steam valve. There 

1s aiso an opening (H) in the valve stem 
} llows steam to enter the upper 
ragm chamber. If the steam in the 
per diaphragm chamber is not allowed 
es ipe, both chambers will have the 

pressure ind the valve spring I 


close the steam valve. 


wever, the steam in the upper 
hragm chamber is allowed to es¢ ipe 
gh control port (D) which has a 
rger opening than (H), the pressure 
the diaphragm will be less than 
pressure below the diaphragm and 

e steam valve will be opened by the 
fferential pressure pushing the dia 
gm up ard. The extent of the steam 

f ypening depends on how fast the 
trol port (D) allows steam to escape 
Hence the 


ide open, tight shut 


e upper chamber 
ve may be \ 
hrottling position. 

control port (D) is operated by 


ermostatic bellows (F), i part of 


sual thermostatic system which in 
bulb and connecting tube (G 








el 


y 
1H 


( Is pressure eq izing bellows 
seal for reventing stear fror t 
through the pressure and temperatur 
setting screw \ } is connectior 


for control port escapement 


When the bulb is at the contro 


temperature, it exerts moderate r 
sure in the bellows \y hich expands I 
partially closes the contro rt 1) 
illo Ing just enoug! steal » ESE 
from the per diaphragm cl er 7 
maintain tl rrect differenti 
the Ste ill | t 4 I SS t fy T¢ 
to hold the tet erature 

When the bulb IS ta hi er tel ‘ 
ture than tl for hich the controlle 
is set, suflicient pressure 1s exerted 
the bellows to close the contro port 1) 


Ihe steam pressure in the 


lower diapl ragm chambers is now « 


ind the spring ] closes thre ste 
] 
Vaive, 
When the bulb j t ( ter 
try than that . ri 
ture t ul lal Tor nicl ¢ I ( 
is set, the pressure in the bellows j 1 


duced so ti bf it contracts eno 


open the control rort ice 

more steam to escape tron Thre ( 

diaphr ivi chamber thar cal ente) 

through opening H The pressure be 

low the diaphragm is no enoug 

counteract the pressure ot the 

I ind the ste e opens wide 
¢ +’ * 


Liquid Level Stabilog 


The Foxboro Company 
N CONTINUOUS. process 


especially, 
been the difficulty 


INqUSTrie 
serious contro probier 


has vitl hich sat 


istactoryv control is obtained because of 


the surging flows caused by the use 


incorrect types of level controllers 


This liquid level stabilog prevent 





a 
ais 
~ 
these surges in flow This instrument 
made in t o types throttling ne ‘ 
iging These two tvpes can take care of 
a variety of level pr yblen Three tvpi 


cal examples are shown in Figures A, B 
ind ( In each of these a constant inflo 
will result in a const int outflow 

The throttling type is used in proc 
esses WV here it 1s desirable to hold i close 
level and vet have a smooth throttling 
will not set uy 
in the controlled flow. In figure A, the 
level is held exactly on the line with the 
result that the outflow is the same as the 


valve action that 


inflow. In some cases where a more uni 
form outflow is desired, the stabilog mar 
be adjusted so that the level is held only 
within fairly close limits as in B. In this 


¢ - ¢ 


Photoelectric Relay for 
High-Speed Operation 
General Electric Co. 


HIGH-SPEED toele 


et intr ‘ 








re Lit ( ‘ na, 
‘ ct ‘ \r 
roe ed ‘ ‘ ‘ 
ectl or re l | ) a 
cee r tl etc 
Three elect t ‘ e use 
electrhi Tube rile rie ’ i 
i ‘ na roduce ( rre ( 
electri Wi ‘ Pliotror t ( 
priitie the electri I ) ‘ | ‘ 
the hotoelectric tube na thre 
ratron tube hich acts re 


ducing proper timed impulses to ope 


te electric devices” either dire 
through the medium of a contact 

\ SI ill contactor 1s | ilt j ‘ 
complete device hich mav be ' ty 
Dv the output of the Phyratror t 
where neces rv to control current 
excess of the rating of the Thyratror \ 
larger contactor mav he added nd 
trolled directly by the Thvyratron tube 
The device is built for operatior 1] 
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Combustible Gas Indicator 
Mine Safety Appliances Co. 


EK VELOPED for practical use in 

detecting inflammable gases and 

vapors which are recognized haz- 
ards in many industries, this combustible 
gas indicator is direct reading, requiring 
only a few seconds to make a test. Light 
in weight and easily operated, this in 
strument is portable, and completely 
self-contained. 

By squeezing the aspirator bulb, a 
sample from any desired location is 
drawn rapidly through the flexible metal 
tubing to the instrument. Up to sixty 


feet of sampling line can be used with 
the instrument for sampling from in 
vwecessible places. There is no lag in the 
reading except the time re 
the sample through the 


indicator 
quired to draw 


length of sampling line used. 


rhe instrument has two platinum wire 
filaments which are heated to a rela 
tively low temperature by current from 
two drv cells, one of the filaments being 
exposed to the action of the gas sample 
ras in the s unple is oxidized 


Combustible 
or burned catalytically on this platinum 
vire and any increase in temperature 
from this combustion increases the elec 
trical resistance of the wire. This in 
crease in resistance is proportional to 
the amount of inflammable vapors in the 
sample and is measured by a milliameter, 
the scale of which is calibrated to give 
readings direct in percentage of lower 
explosive limit concentration. It will also 
indicate if the vapor concentration is 
within the explosive range and in addi 
tion, by dilution with air, if the vapor 
concentration is above the upper ex 


plosive limit. 
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The detector unit (platinum wire fila 
ments), operating catalytically at a 
relatively low temperature, will last a 
long time with proper care. Although it 
is not necessary to check the zero setting 
of the meter very often, this can be done, 
easily and quickly when necessary, even 
in a gaseous atmosphere without return- 
ing to fresh air. The current check ar- 
rangement also insures both a definite 
initial temperature and applied voltage 
at the detector unit, so that the sensi- 
tivity of the detector unit is constant 
during its life. 

Specially designed flame arresters are 
used on both sides of the detector unit 
so that the instrument is suitable for 
testing practically all inflammable gases 
and vapors, including hydrogen and 
icetyvlene 
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Improved Printing Scale 
Toledo Scale Co. 


NDUSTRIAL uses of this scale have 
been extended through three new im 
provements; i selective numbering 
device, a delayed time switch and the 
ipplication of the photoelectric tube or 
“electric eye.” 

Che selective numbering device pro 
vides a system of identification which has 
a variety of applications, such as dating, 
batch numbering, grading and number 
ing by lot, by operators or by employee 
group numbers. This improvement is a 
device which is composed of from one to 
four digits, symbols or letters. If desired, 
it can be furnished with decimal points 





or dashes to aid any system of plant 
control. As it is attached to the Toledo 
Printweigh, the operator can punch the 
numbers or letters he desires. These will 
reproduced on the printed 


then be 
i Hence, this innovation 


weight ticket 
solves many production 
giving not only a certified weight but a 


problems by 


certified record of the process in ques 
tion. 

Ihe delayed time switch simplifies the 
use of the Printweigh in a conveyor sys 
tem. As objects come down a conveyor 
line and move on a scale, the necessary 
moving makes the scale indicator oscil- 
late. Hence, if the weight were printed 





at once, there would be a c! 
accuracy. The delayed time 
lays the printing of the weig 
indicator has stopped oscillat 
way, co-ordination between 
ing production lines and th: 
accuracy in weighing is achic 

The “electric eye” makes 
operation automatic if desir 
moving across the scale plat 
conveyor section may have | 
printed when they intercept 
light just before they leave 
Hence, the weight ticket is pri 
matically. 
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Slot Weirs and Orifice 


Meters 


Vulcan Copper & Supply C 


N THE accurate measureme 
ing liquids in amounts fron 
several hundred gallons per 
ind orifice meters built insi« 
cylinder may be used in disti 
many other plants handling li 
The slot weir shown in the 
1 graduated vertical tube ir 
or more slots are accuratel\ 
The base casting admits liquid 
nular ring around the tube 
nates turbulence, and even 
capacity allows a smooth liqt 


which may be accurately re 


accurate measurement of small 


of liquids, an orifice hole is d 
the bottom of the vertical tu 
of milling the weir slot. Wher 
tal orifice is desired, this is 
l pl ite which may be screwed ir 


hole as the tube 


The discharge from the slot 
vertical orifice tubes is vente 
top of the tube is open ind 
ing or irregular discharge du 
ing pressure on the discharge 
With the horizontal orifice, the 
is vented by an open tube 
from the orifice plate nearly 
of the chamber. The meters 
have top vent connections whi 
connected to the vy ipor space ¢ 
under vacuum or. pressure to 
use of the meters under these « 
One use in which these have 
cessfully has been in vacuum 
installations. 

The meters are furnished re 
copper, bronze or other corro 
tant materials. Each meter 
ually calibrated at from 20 t« 
ind the calibration chart is 


with the meter 
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New Vibration—Voltage 
Converters 
Brush Development Company 


L 


VEL line of devices for con- 
erting sound or other vibrations 
ito voltage variations, or con- 


change voltage changes into 


r oO 
verse ' 
oe a] vibrations have been de- 
eloped by this company. 
I tandard devices are provided 


eunted; a microphone and a 
iker motor. The microphone op- 





erates on the piezo-electric principle; it 
does not require button current, or polar- 
izing voltage. It is a completely self- 
contained converter of sound-pressure 
waves into electrical energy, and con- 
tains no mechanical moving parts, as the 
sound acts directly on the crystal, gen- 
erating a corresponding voltage, irrespec- 
tive of frequency over the audible spec- 
trum, from 10 to 10,000 cycles per second. 
This microphone may be connected 
straight across the grid of the first tube 
if the amplifier if the amplifier is situ- 
ited within 30 feet, a grid leak or volume 
ontrol of at least 500,000 ohms being 
ised. The red rubber covered wire goes 
to grid of tube, black wire to ground. 
No other shielding is necessary, even if 
the microphone is to be hela in the hand. 
For most purposes the impedance of the 
crystal microphone varies inversely with 
frequency as does a condenser. 

The loudspeaker motor comes complete 
ith tone arm, ready for mounting to 
frame and cone. It operates on the piezo- 
electric principle, and therefore requires 
neither field current nor polarizing volt- 
ige. Electrically the crystal speaker has 
similar characteristics to a 0.03 mf. con- 
denser, and may be connected directly 
ross a high impedance choke in the 
plate circuit of standard pentode tubes. 
For other type tubes a suitable trans 
former must be used. 
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Sensitive Magnetic-Material 
Detector 
Central Engineering Laboratories 
NTENDED primarily for detecting 
concealed weapons or concealed tools, 
this device consists of 8 parts, the 
coil-system, the amplifier, and finally the 
electrical appliances or alarm signals to 

be actuated. 

The coil system is composed or 2 or 
more coils connected in series or paral 
lel, in electrical connection with the am 
plifier and placed in the sash of a door 
or window or wherever the detection is 
wanted. By combination of coils in series 
or parallel ind by shielding, any wanted 
characteristics and sensitivity in certain 
directions may be obtained 

The amplifier can be placed anywhere 
in the building and operates on_ the 
lighting current of 110 volts, 60 cycles 
The essential parts ire 1 aly tnometer 
system with the input on top of the case, 
and a chassis with transformer, relay, 
grid-glow-tube, light source, and photo 
cell on it and a double-throw-switch, ad 
justing ind compensating condenser, ind 
resistance, on the panel. As galvanometer 
a rugged concave mirror instrument Is 
used which is connected with the coil 
system but in no electrical connection 
with the rest of the amplifier. The relay 
is controlled by the lightbeam reflected 
ralvanometer mirror. ‘The 


from the 
lightsource is a 2 watt straight filament 


lamp. The photo-cell is shielded from all 


light with the exception of a small fine 





slit in the focus point of the mirror, just 
large enough to let the picture of the 
projected filament fall on the sensitive 
plate of the cell. The unplifier is built to 
keep the relay contacts under that con 
dition open. A grid-glow-tube is used 
amplifier for the photo-cell and has an 
other function as outlined later on. The 
current sensitivity of the amplifier is 
about 0.000,000,05 amperes and is made 
independent of line voltage fluctuations 
by providing the lightsource strong 
enough to overcome the light-fluctuation 
with respect to the cell 

\ piece of iron or steel ipproaching 
the coils changes the earth’s faint ma 
netic field through the coil, which induce 
in the coil a very faint voltage, but one 
strong enough to produce i deflection of 
the galvanometer. This causes the light 
beam to fall off the photocell and the 
relay to operate. Firearms « irried past 
the coils will therefore trip the relay, 
which makes the instrument a detector 
of concealed weapons 

By throwing the switch in the other 
position the unit is converted into a 


The grid of the tube is in that case con- 


we, which oper ites 


In addition to its application 


the rmocouple Ss 


Torque Dynamometer 
Toledo Scale Co. 


l 
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Vogel-Ossag Viscometer 
American Instrument Co., Inc. 
DISTINCT feature of the Vogel 


Ossag viscometer is that it per 
mits the direct, accurate measure 


ment of absolute and kinematic viscosities 


without conversion. Complete viscosity 


temperature curves nay be determined 
with the instrument without disturbing 


the set up. A further advantage lies in 
the fact that only 15 c.c. of the material 


ire required for making a test. It also 


has the additional advantage of ease of 
manipulation and rapidity of operation. 


It i i compact unit which occupies no 


more space than the ordinary viscometer 
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Both kinematic and absolute viscosities 
may be obtained by direct measurement 
with this instrument. To obtain the 
former, the oil (or other liquid) is 
allowed to flow out of the capillary un 
der its own head, and the time of flow 
in seconds between two marks on the 
capillary tube is noted. This figure mul- 
tiplied by the constant k, which is etched 
on the large bulb of the capillary tube, 
gives the kinematic viscosity V, in cen- 
tistokes. To obtain absolute viscosity, the 
oil (or other liquid) is driven upward 
through the capillary by a constant pres 
sure of 60 em. of water. The time of flow 
in seconds between the same two marks 
(M, and Mz.) multiplied by the constant 
c, likewise etched on the capillary tube, 
gives the absolute viscosity in centipoises. 

Engler, Redwood, and Saybolt  vis- 
cosities may be accurately obtained from 
either of these readings by means of a 
simple conversion table supplied with the 
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instrument. The Vogel-Ossag viscometer 
hence also provides an absolute standard 
for checking oils and for checking rou 
tine test instruments for accuracy, 
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Portable Micropyrometer 
Westinghouse Electric and Mfg. Co. 


MICROPYROMETER under de 

velopment at the Westinghouse 

Research Laboratories, determines 
the melting points and viscosity of met 
als and alloys much more accurately than 
other devices of its sort. Designed par 
ticularly to study the characteristics of 
welding slag, it is expected to find many 
applications in other fields. 

In operation a minute test piece of 
welding slag or alloy is placed on the 
platinum strip, which is suspended from 
two insulated terminals, and current ap 
plied from the low-voltage winding of a 
step-down transformer. The heating 
chamber is gas-tight since the melting 
point determinations are made in various 
atmospheres or a vacuum. Observation is 
made by means of a microscope with a 
magnification of 100 to 1, through a clear 
quartz window. When fusion is seen to 
begin, the current is shut off. 

Temperature is automatically recorded 
on a chart by an ardometer (total radia 
tion pyrometer) which collects the heat 
rays passing through a quartz window 


and focuses them on a disc containing 
thermocouples leading to the recording 
instrument. Readings are taken in milli- 
volts and read in degrees centigrade from 
a curve previously plotted from readings 
taken of metals and alloys with known 
melting points. 

The instrument consists of a heating 
chamber in the form of a brass cap 
clamped by thumb screws to a brass 
base; a heating element, which is a plati- 
num strip 0.5 in. wide and 0.0005 in. 
thick; a microscope for viewing the be- 
ginning of fusion; and an ardometer for 
registering temperature. 





Control of the current j 
the high-voltage side of the 
hence the current in the « 
ratus is small. On the low 
it has a range up to 4 
motor-driven rheostat, als 
manually, controls the volta, 
the primary and provides 
crease of current during a ti 
tor speed may be varied to 
tions. The micropyrometer 
portable 


Universal Testing Machine 
Steel City Testing Laboratory 


HIS NEW model of an « 

‘hine is especially adapte: 

‘ral testing. Due to its fi 
that both pulling heads are 
a great variety of specimens ( 
ed, such as standard specimer 
wire, ete. 

For making transverse 
tests, a suitable table can he 
which can be removed, if de 























tests in compression are to 

Some of the outstanding feature 
fiexibility of the entire pulli 
which has a ball joint between t 
crosshead of the machine and t 
thus assuring a direct pull on 

mens; the adjustability of t 
pulling head the entire lengt 
supporting screws through th 
of the motor mounted on to} 
upper crosshead; pendulum 

meter load-indicating dial a 
graphic attachment, all functi 
one unit; elimination of pulsati 
plying the load to the specime: 
of pressure from the accumul 
non-packed frictionless plunger 
attachment in the load-indicat 
for regulating speed of tests. 
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Abstracts on instruments and devices for measurement, 
inspection and control. 





INSTRUMENTS ABSTRACTS, incorporated in INSTRU- 
MENT: is the most complete review on the subjects of 
measur' ment and control. 

\ tors cover over 700 domestic and foreign publica- 
aoe receipt of the abstracts they are checked against 


permanent files to avoid duplication and after being rewrit- 
ten to conform to our style they are classified. 

“Oftentimes an abstract can fit under two or even more 
sections. In that case we decide who will be most interested 
in the article, and include it under that fleld of reader in- 
terest. It is our aim to so arrange the abstracts that a per- 
son interested, for example, in viscosity, will keep in touch 
with all the important articles in his field if he reads only 
section 2.10. For instance, an article on “Vacuum Tube 
Means of Measuring Viscosity” appears under 2.10—under 

Measurement and Control of Physical Properties—viscos- 
ity,’ although it would also fit under section (5.4)—“Elec- 
tronic Devices and their Applications.” 

An improvement we hope to make in the Abstracts Section 
in the near future is the cross-indexing of articles which fit 
under several sections. We suggest glancing through the 
whole Abstract Section. This takes but a short time, and 
the time so taken will be found very profitably spent. 

The classification number at the end of each abstract will 
be of assistance in mounting them on file cards. 

Negative print photostats of the original articles abstract- 
ed can be obtained at 35 cents per page plus 10 cents for 
mailing. The remittance should accompany the order 


CLASSIFICATIONS 
(By Fields of Reader Interest) 


MEASUREMENT TECHNOLOGY (1) 

This section includes all matters concerning the art and 
science of measurement as follows: 

Measurement Theory (1.1) 

Under this heading will be included: definitions, precision 
of measurements, systems of units, and dimensional 
analysis. 

Measurement Practice (1.2) 

Covers Calibration and Standardization. 

Calculation (1.3) 

This does not include computation for instrument design, 
but covers calculations as a mode of measurement. 
MEASUREMENT and CONTROL (2) 

This section is devoted to those general measurement 
practices and control applications that are not confined to 
any one industry or branch of engineering. Thus tempera- 
ture measurement and control, being of as much importance 
in chemical as in metallurgical processes, is a general field 
of interest to all industries and all branches of engineering. 
Length, Angle, and Area, Including Surveying (2.01) 

Time, Speed, and Acceleration (2.02) 

Weight, Density, and Specific Gravity (2.03) 

Pressure and Vacuum (2.04) 

Flow and Volume (2.05) 

Temperature (2.06) 

Heat and Combustion (2.07) 

Humidity and Moisture (2.08) 

Power, Work, and Output (2.09) 

Physical Properties, (Viscosity, hardness, elasticity, plas- 
ticity, surface tension, etc.) (2.10) 

TESTING and INSPECTION (3) 

Physical Testing and Inspection (including strength tests, 
bending, magnetic analysis, X-ray inspection, and other 
engineering test or inspection methods.) (3.1) 

Production Testing and Inspection (This includes methods 
of testing and inspection for setting up production stand- 
ards, grading, gaging, maintaining quality, etc.) (3.2) 

Maintenance Testing and Inspection (Included here will be 
matters concerning standards and methods for con- 
trolling performance or service of equipment. Example— 
The problem of controlling long phone lines to give 
quality sound transmission would be included here.) (3.3) 


ELECTRICITY and MAGNETISM (4) 


_ Electrical Properties, Tests, Measurements, and Measuring 


Instruments (4.1) 
Electrical Measuring Devices and Applications (4.2) 
Magnetic Mensurements (4.3) 


_ Magnetic Properties, Materials, and their Applications (4.4) 


SRR 


ELECTRONICS and RADIO (5) 
Radio Measurements (5.1) 
Applications of Radio to Measurement and Control (5.2) 


_ Photo-electric Measurements, Devices and Applications (in- 


' 


woe 





: 





cluding television) (5.3) 

Electronic Measurements, Tubes, Devices, and their Appli- 
eations (Under this heading would be included thermionic 
tubes, grid-glow tubes, thyratrons, neon discharge tubes, 
cathode-ray tubes, etc.) (5.4) 

ACOUSTICS and VIBRATIONS (6) 

Sound, Vibration, Phenomena and Measurements (6.1) 

Sound and Vibration Devices or Applications (6.2) 

LIGHT, OPTICS, and RAYS (7) 

tlght—General Measurements and Optical Applications (7.1) 

olor Analysis, Color Matching (7.2) 

Photometry (7.3) 


Polarimetry (7.4) (Continued on page Al5) 
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ELLISON] 


ACCURACY 


Ellison Inclined Draft Gage 
Iti = 11) 





The Ellison Inclined Dratt (save, introduced 


in 1896, is a masterpiece in design and_ finish. 
It is the original inclined tube gage and is the 
recognized standard ot accuracy everywhere 
The cover type for stationary use is made in 
trom one to tour tubes, to ; In. range, and 
the open type fo portable use in one and two 
tubes from to 20 in. range. 

Meade by an engineering organization 

of draft gage destgners and builders 


Ellison Draft Gage Company 


214 WEST KINZIE STREET CHICAGO 
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MEASUREMENT & CONTROL (2) 
Time, Speed & Acceleration (2.02) 


The New Suspension Device for the Foucault Pendulum in 
the Vienna State Museum. (Die neue Aufhaengevorrichtung 
fir das Foucaultsche Pendel des Naturhistorischen Staats- 








eitschrift fur Instrumentenkunde, 


mecums im Wien.) KR. Pozorna. Z 
\ »1] Lut 1931, pages 430-434 

’revious pendulae experiments. New suspension device 
mploving the recision roller bearing EF (2.02) 


A New Mono-Metallic Escape with Compensation Ef- 
fect Based on Thermal Anisotropy. (Eine neve mono-metai- 
lische Lnruhe mit Kompensationswirkung durch thermische 








Anisotropic.) ik STRAUMA Zeitschrift fir Instrumentenkunde, 
Vol »] July 1931, pages 379-380 

Kefers to a lecture delivered at the Meeting of the Ge- 
selischaft fiir Instrumentenkunde und Uhrentechnik, Kassel 
The compensation effect of the new es ipement 18 accom- 
plished by rolling the material in a certain direction, result- 
ni n the phenomenon of thermal anisotropy, i. e., the 
Ve | shows markedly different coefficients of thermal 
pan in different directions. The following materials 
ire onsidered: elinvar, single crystals of metals, Zn-Cu al- 
los With 3-5¢ Cu, Zn-Cd alloys containing 20% Cd. Re- 
lated problems as degree of rolling, heat treatment, aging 
phenomena, X-ray structure, ete., are dealt with BF (2.02) 


\ New Recording Acceleration Meter on the Piezo-Quartz 
Pilate Syste (kein never registrierender Beschleningungs 
messer nach dem Piezo-Quarzplatten-System.) Rich. AMBRONN, 








hewn hanik und Pr n, Vol. 39, Dec 1, 1931, pages 199-204 
\n instrument is described with which the vibrations of 
foundations in be measured very exactly and curves re- 
rded; the theoretical principles are explained Ha (2.02) 
Visible Speed Indicator. Wma. Ocuse. American Machinist, Vol. 
Sept s, 1931, page 387 

rhe provision of devices so that the workman can always 

ee the speed of his machine directly is recommended as a 
means for speeding up production Ha (2.02) 
The Importance of a Standard of Time. (Die Wichtigkeit 
eines Normalmasses der Zeit.) Max ScuuLer. Feinmechanik und 

Vol. 39, Dec. 1, 1931, pages 205-208 

The author points out that actually no standard of time 
xist s what 3 usually called the standard, namely, the 
nd, is in fact dependent on the astronomical and sidereal 
lilferences in what we call a day; but yet the sidereal day, 
$6,400 seconds, is at present the best standard. A pendulum, 
however, was devised, an “equalizing pendulum,” bui't of a 
piece of invar steel which changes not more than 1/100g 
for Im; it is driven electro-magnetically. With a photocell 
the time can be determined to 1/1000 of a second exact. The 
importance of having a measure of time absolutely inde- 
pendent of eventual fluctuations of cosmic influences for 
astronomical, physical, and geophysical measurements and 
the rt of dock making is explained. Ha (2.02) 


Weight, Density & Specific Gravity (2.03) 


Methodic Principles Involved in Density Measurements of 
Solid Bodies, Particularly of Inorganic Salts. (Methodisches 
vur Dichtebestimmung fester Stoffe, insbesonders anorgan- 
ischer Salze.) P. Wuirr & A. Heici. Zeitschrift fiir physikalische 
Chemie, Section A, Vol. 154, March 1931, pages 187-209. 

Determinations made with the pyknometer disclosed that 
errors of about I‘ ire inevitable, particularly in the case 
that relatively large quantities of salt are used. The source 
of error is considered to be the air adherent to the salt 
employed. The estimation of the error yielded the same 
value as is computed from data given in the literature and 
gained from the suspension method or from X-ray deter- 
minations. The suspension method is claimed to be im- 
proved owing to holding the temperature constant and due 
to a more convenient and reliable handling of the liquid. 
An accuracy of 2/10% of the true density value could be at- 
tained, according to the investigators. It is furthermore 
shown that, in the case of high specific gravities, an ac- 
curacy of 1% can be secured with the buoyancy method, 
employing presumably a spring scale. 20 references 

EF (2.03) 

Measurement of Specific Gravity of Liquids. (Messung des 
spezifischen gewichts von Fliissigkeiten.) Jos. Kroenert. Archit 
fur lechnisches Messen, 1931, Section V9121-1, page 26. 

Weighing methods and buoyancy methods are described 
ind araeometer scales explained. Ha (2.03) 

Gain In Sensitivity of Lever-Scales by the Utilization of a 
Horizontal Pendulum. (Erhoehung der Empfindlichkeit der 
Hebelwage durch ein Horizontalpendel.) G. Scumernitz. Zeit- 

hrift fur Instrumentenkunde, Vol. 51, Aug. 1931, page 435. 

Based on theoretical considerations the author arrives at 
the conclusion that a material increase in sensitivity of a 
beam-scale can be secured by the utilization of a horizontal 
pendulum placed perpendicular to the scale-beam in the 
center of the latter EF (2.03) 


Pressure & Vacuum (2.04) 


Investigations on the Evaluation of Pressure, Tempera- 
ture, and Atmospheric Pressure Diagrams in the Measure- 
ment of Large Gas Quantities. (Untersuchung tiber die Aus- 
wertung der Druck-, Temperatur- und Luftdruck-Diagramme 
bel der Messung grosser Gasmengen.) H. Branoi. Gas & WWasser- 
fach, Vol. 74, No. 48, Oct. 24, 1931, pages 995-998 

Five formulae covering the reduction of gas quantities to 
the normal state. Reduction of average values, gained by 
planimetry. Description of the automatic instrument ‘“Vol- 
umsreduktor.” EF (2.04) 

Throttling Devices as Pressure Indicators. (Drosselgeriite 
als Messdruckgeber.) G. Ruppert. Archiv fiir Technisches Messen, 
1931, section 1241-1, pages T3, T4. 

Throttling devices are: diaphragm, or orifices, nozzle, Ven- 
turi tube. The characteristics of each type are explained, the 
formulas for their performance derived, the influence of 
viscosity and compressibility, and the sources of errors dis- 
cussed. The practical applications are described, coefficients 
Siven and literature references added. Ha (2.04) 
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Flow & Volume (2.05) 


Measurement of Velocity of 


Velocity Method. (Geschwindigkeits-Messung yo; 


Water Streams } © Salt 


liufen nach dem Salzgeschwindigkeitsverfahren.) 


Archiv fir Technische Vessen, 1931 


The method consis 





in meast 
of sal 
rent impulses in electrode ciret 
to its better conductivity. The 1 
pipe lines and open channels. Th 
ments and the limitation of tl 


t which is taken along by the water and 


pparatus and electrical connections are describ 


Flow Measurement in Pip 


Réhren.) G. Ruprer. Archiv fiir Tec 


V1240-1, page T2 
The principles, definitions and 
ment of the flow of a liquid o1 


“Asser. 
, Section V1249 
lring the velocity 
lits placed in the 
nethod can be uss 
e evaluation of 
1e method is ex; 
es. (Durchflussm:< ‘wz iy 


ALmische wWessen 


units used for 
faseous materia 


are explained; the formulas for a flow of volun 
of weight are derived, taking into account stat 
humidity content in gases, viscosity and compr: 
the material to be measured 


Temperature (2.06) 


Temperature Measurement W 





ith Seger Cones. (Tempers 


turmessung mit Segerkegelin.) \W. STEGER. Archiv f 
lessen, 1931, section V215-1, page T50. 


Seger cones (refractory cones) are used for 


measurements in industrial fur 


to 2000° C. in 59 steps. For the 


naces for a rang: 
measurement, thre 


idjacent ranges of about the temperature to b: 


are put in the furnace where 


they are protect 


flame. A table of comparison between refractory 
in America, Germany, England and France is give 


ences 


Quick Acting Electrical Thermometer. 


Vol. 7, Apr. 1931, page 173 
A brief description of a new 
by the Cambridge Instrument ( 
platinum resistance thermomete 
Determination of Melting P 
mung.) M. Prrant & R. Rompe. Ar 
section V9215-1, page T27 





thermometer m 

‘ompany, utilizing 

‘r element t 

nts. (Schmelzpunkt-Hestim- 
hiv fur Technisch 








In determining the melting point of a substan: 


perature must be measured and 


the transition fron 


to the liquid state observed; the latter can be 
by mechanical change of form (melting), by the 
effect due to the heat of fusion, by the change 


trical resistance, by the change of the optical 
All these methods are useful; they are explained, a: 
of melting points for substances from 123.5 to 
is given 


Flow-Pyrometers. (Durchfluss-Pyrometer.) | 


Archiv fiir Technisches Messen, 1931 

The temperature of a combus 
directly with a pyrometer or t 
the radiation losses, except w 


section J242-1, pa 
tion gas cannot be 
hermo-couple on a 
ith certain prec 


protection against radiation. Several devices ars 
and coefficients or curves for the correction of the} 


reading dependent on the gas v 
Temperature Measurement by 
peraturmessung durch Messung 
Archiv fiir Technisches Messen, 1931 
The principles of the theory 


relocity are given 
Measuring Radiation. (Tem- 
der Strahlung.) Jos T 
, section V214-1, pas 

r of radiation, the 


Boltzmann, Stefan, Planck, Rayleigh-Jeans, Wier 


black body are briefly explaine 
tral measurement, total radiat 
photometer, Wanner and glowi 


d and the methods 
ion, partial radiat 
ng filament descril 





Heat & Combustion (2.07) 


Measurement of Heat Value 
Messung bei festen Brennstoff 
Technisches Messen, 1931, section 

The heat value is determinec 


of Solid Fuels. (Heizwert- 
en.) Jos. KROENERT fur 
V9214-1, page T14 
i either indirectly) 


chemical analysis and then calculated with Dulongs 


or a modification of it, or the 
in a calorimeter. The methods 
cedures explained. 

Pianning, Construction and O 


tion Regulators on a 1000m.2 Water ' 
Bau, und Betriebsergebnisse von Feuerreglern 


value is determined 
are described and 
perating Results of Combus- 


Tube Boiler. (Plannung 
an einem 





1000m.2-Steilrohrkesse.) K. Weiss. AEG-Mitteilungen 


pages 680-685. 
Steam pressure, COs content, 


economy and effi 


greatly increased after equipping the plant with 


lator. 


35, Oct. 31, 1931, pages 879-881. 

Treats two European commer 
two principles (a) measurem 
rents; (b) changes in evaporat 


An Electric Reflection Furnace. (Ein elektrischer 


ionsofen.) C. Benepicxs & J. H 
Physik, Vol. 12, April 1931, pag 

The authors designed an elect 
consisting of an elliptical mirr« 


water-cooled) and an electric are. The following ad 


Heat-Meter. (Waermezaehler.) A. Lion. Die Um 


cial heat recorders 
ent of thermo-elé 
ion speed. 4 illust! 


Reflex- 
ARDEN. Zeitschrift fur mIScNE 
es 234-243. 

ric reflection furna 
yr of Cu (42 cm. in 


are claimed: (1) non-conducting materials are melt 


out being in touch with foreign material; (2) s 


required for attaining the melti 
atures exceeding 2,000° C. are ez 


ng temperature; (3 
isily attained; (4) | 


for melting in vacuo. A large number of experime 


carried out. The efficiency ame 
i. e., of the energy required for 
the Cu-mirror was in a highly 


or 


sunted to 25% oft I 
the electric are, pr D} 
polished state - 








ne Salt 


\ Asser. 


ng in 


mpera-. 


~Bestim- 


n. (Tem- 


eizwert- 


ombus- 
annung, 
n einem 


Reflex- 
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WESTON Ss, 
PHOTRONIG@:» 


INDUSTRIAL” 2 
CONTROL RELAY 


Another advance made pos- 
sible by the amazing Weston 
Photronie Cell! The new Wes- 
ton Photronic Industrial- 
Control Relay, Model 612! 


It meets the growing de- 
mand for a simple, 
free, reliable photo-electrice 
device for industrial use— 
countin . safety de- 
vices, door controls, inspec- 
tion, weighing, smoke detec- 
tors, alarms, and many others. 


Shipped complete, ready to put to work, Mlodel 612 is 
simple and easy to install. [It consists of only three units:— 
Light Source, Photronic Cell with mounting base and 


Relay Cabinet. 


Only external connections need be made at installation. No 
adjustments except regulation, by the cabinet rheostat, of 
Light Source. Model 612 controls circuits of either 100 watts 
or 1,000 watts at 110 volts... 






oe 


ae . > 
0 CEE )_] | 
(989 WR we 


yz. sorting 


RELAY CABINET 


operates on L10 volts, 60 cycles. 

Outstanding in its simplicity, ruggedness and trouble- 
free, reliable operation, Model 612 makes photo-electric 
control in industry practical. 


—Detailed literature sent on request— 


OUTSTANDING FEATURES 


NO REPLACEMENTS — using Photronic Cells with unlimited life —amplifiers 
are eliminated . . . maintenance minimized. 

UNAFFECTED BY LINE VOLTAGE VARIATIONS - 
forms light energy directly into electrical energy—high current output. No 
auxiliary power needed to actuate sensitive relay 


Photronic Cell trans- 


NO READJUSTMENTS—shipped ready to install and operate 


EASY TO INSTALL — mount units... make external connections to Relay 
Cabinet and adjust intensity of Light Source to complete installation. 


DESIGNED FOR CONTROL OF EITHER 100 WATTS OR 1,000 WATTS 
AT 110 VOLTS—operates on 110 volts, 60 cycles. 


LOW INITIAL COST—and practically free from maintenance 


WESTON 


ELECTRICAL INSTRUMENT CORP 


591 FRELINGHUYSEN AVENUE... NEWARK, N. J. 
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Humidity & Moisture (2.08) 


Humidity Measurement. (Feue ntigtelts- Messung.) H 


1931, section 1283-1, pages 

r34 
J t prin les of the determination of hu lit 
n ¢ ‘ e explained and the methods of the dew-poir 
re eter, the psychrometer and the hair-hygrometer de- 
1. 9 references are cited Ha (2.08) 


TESTING & INSPECTION (3) 


Physical Testing & Inspection (3.1) 
Testing Machines for Building Material and Exhibition of 
the Pruefmase stoffpruefung und Aus- 
stellung des Pruefmaschin odes.) H. SPpEeRRER Tonin 









Vol », No 1931, pages 799-802 
hte ew the more important commercial testing machines 
iilding material (grain , compression and bending 
trengtl wear resistance, 1 tance to | ind 
I pl propert es) st it the ree on 
I n. It ude + 9 illustrations 3.1) 





‘Denstfving Methods pr Densifying Agents for E sateen 
ing Construction, (Abdichtungsverfahren und Al dichtu ngs- 
stoftie fiir In ieur- Bauwerke.) R. Voceter. Tonindu 








\ No \ug }1 pages G5R-960 Vol D5, ya 6%, 
Lu r 31, pages 73 

r} terest of th ting Engineer is attracted by the 

T i l’art of the paper, which shows a testing (pulling) 

ne for densifying material developed by the Chem 

he Laboratoriur fir Tonindustrie, Berlin. Furthermore, 

j lized equipment for testing the resistance towards 

enet tion is discussed EF (3.1) 


Production Testing & Inspection (3.2) 


Testing of Paints for Be 
(Zur Pri 


ding Strength and Adhesion. 
ing von Austeiete 1 auf Biegetestigkeit und Haft- 








vermiégen.) R. Kemer erflachentechnik, Vol. 8, Dee i, 19s, 
page 17 
I ption of n pparatus in which a thin steel ribbon 
! } I he paint to be tested is put is continually moved 
! Ss ! pe between 2 rollers so that the paint is bent 
1 f th. It in be used for other materials, 


Maintenance Testing and Inspection (3.3) 





X-Ray Testing of Large Boilers in Service. (R 
durchstrahiung im Grosskesselbetrieb.) A. Herr. Z: 














nicur Vol. 74, Oct. 11, 1930, pages 1432- 

143 
Ar rrangement is described whereby large tanks, drums, 
ete re tested by X-rays on site The X-ray tube is in 
stalled in the inte r and exposures on films taken on the 
out le. One exposure lasted 380 min. at 145 KV. The films 
e lox4dt en Ha (3.3) 
aatemeiie Testing tipment for Trunk Circuits. | R 
I s ’ ’ Record, Vol. 9, Aug. 1931, pages 589- 
[> p 1 of the automatic testing arrangement of the 
prope! ‘ tion and functioning of the relays in the trunk 


! ind subscriber stations Ha (3.3) 
Location of a Failure in High-Tension Transmission Lines. 
(Fehlerort-Restimmung an gp ga pe Freileitungen.) 


H. P , ’ : ir] hn j essen, 1931, section V35194-1, 
mages T21 

The natu of possible f lures are lescribed and the 
met | the t i f the fault by measuring current 

| tage eactive resistan or conductivity tiv 
nd a ‘ ymponents ind by calculation f the failure 
d in explained. The instruments used, possible errors 
ind the measurement by surges are described Ha (3.3) 


ELECTRICITY & MAGNETISM (4) 


Electrical Properties, Tests, Measurements, & Measuring 
Instruments (4.1) 


Moving-Coil Instruments for Direct and Alternating Cur- 
rent Measure its with Thermo-Electric Transformer. 
(Drehspulinstrumente fiir Gleich und W cohestntrs mes- 
sungen it thermoelektrischen Umformer.) 1 esstechy 
1931, pages 112-113 
The Excelsior Werke Rudolf Kiesewetter, Leipzig (Ger- 











many), have developed a series of instruments for the 
measurement of very weak alternating currents by means 
of direct-current instruments. For this purpose the alternat- 
nz current at first heats a wire which in its turn heats up 

thermo-couple which is connected to the moving coil of 


lires t-current instrument. The construction of the in- 
strumer described Ha (4.1) 
Tests with New Small Recording Instruments. (Versuche 
mit ne kKleinen Registriergeriiten.) Kk HoLZWARTH Die 
hy Vol. 7, April 1931, pages 97-99 
instruments are equipped with a _ bi-metal 
measuring part which develops a large torque and is there- 
fore very suitable for recording. The comparatively high 
nerti gives clearer curves, which is better for general 
purposes than if all details would be recorded as is neces- 
recording of actual operation conditions. For sim- 
ple supervisory diagrams of general operations this type is 
nsidered to be superior to the electrodynamic instruments 
Ha (4.1) 
Slide-Wire Measuring Devices with Increased Adjusting 
Accuracy. (Schleifdraht-Messeinrichtungen it erhohter 
Einsteligenauigkeit.) Orro Zwierina. Elektrotechnik & Maschinen 
baw, Vol. 49, March 8, 1931, pagwes 181-185. 
By arranging an auxiliary resistance of the same magni- 
tude as that of the slidewire itself and which can be short- 
cicruited, the wire is much better utilized as it can be used 
with the two auxiliary resistances in circuit, over almost its 
whole length instead of only about a third, with the same 
accuracy The method is explained, and the Wheatstone 
bridge apparatus and potentiometers equipped with it are 
described Ha (4.1) 
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The Calculation of the Alternating Current Res 
Iron Wires. (Leber die Berechnung des We c chee Istr i 
standes von eisernen Driihten.) |. Antik 
Vol. 25, Feb. 31, 1931, pages 

From theoretical considers few empir 
are derived which give with sufficient pract 











the resistance and self-induction of iron wire 
quence of 50 cycles per se Ha. (4.1) 

Present | Trends in Constru n and Application , stry 
ment Transformers. (Gegen rtige Bestrebr dc 





Konstruktion und im Gebrauch von Messwandler, 





KleRtrotechnik & hinenbau, Vol 1% J 

I es 473-474 
\ survey of the recent improvements for i: 
curacy in current transformers Dy reducing ¢ 
ratio of transformation; and in sion \y 
formers by reducing the leakage flux due to tl 


tances between high and low voltage windi 
Ha. (4.1) 

Reactive Power Measurement or Power Factor Woeasure. 
ment in the Operation of Power Station? (Blind: us 
oder cos-Messung im Kraftwerksbetrieb?) A. k 

hrit Vol 52. Oct Y ’ 





rr} ithe suggests the mie surement 
I vel ither than that of the power facto 
listorted current or voltag urves il 
s not identi with the powe f 

. +} nstruments ire ve | 
eadings in the four quadrants 

in be 1 ired much morse : 

developed for the determinatior f ‘ 
readings of effective ind reactive power. 


Simple Method for Experimental Analysis of A.C. Way, 
forms. (E:nifaches Verfahren zur experimentellen (Analyx 
von Wechselstromkurven.) AIBI . I 


Zeitschrift, Vol. 52, 

This method makes poss 
monics without having to take an oscillograp! 
osing nm the voltage 


curve of almost equa 








resulting voltage ha 


and voltage so that the 
frequency, one period in several seconds \Y I 


strument therefore scillate siowl betwee! 
max. and U min. fror which the mplitude f 
harmonic be calculated with the kr , 
voltage, [ superimposed voltage, fror 
U-min) TI irrangement of instrun 
scribed full n also be used for the deter 





the maxir of the hig 
besides tl neipal way ind also f t 





of the whol 
The Calculati of Cylindrical Coils. (1 eber die Berech- 
2g von zylinderspulen.) A M kt 

nent ‘, Vol 19, Jan 13, i928 
\ formula is developed which pe 

self-inductance and dimensions of one-laye1 

ficient practical accuracy. Ha. (4.1) 
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idence of Frequency of Spark-Gap Voltage in \ir 
abhae nuigkeit der Funkenspannung in Luft 
Vol. 25 ) 


Depe 






Hans Lasse? Archiv El ’ May ’ 
The spark-gap voltage in air is measured at 


pressure at frequencies of from 100,000 to 3,000 
voltages up to 15,000, and compared with 1 
or the same distance the voltage remains 
as that for direct current; at a certain cri 
decreases to a value of 20 f 
for plate electrodes, where it remains cons 
frequencies. For each distance the range of the 
voltage is another one. The measuring method 
15 references are cited. Ha. (4.1) 

Accurate Measurement of Small EE lectrie Cc aly ee hy a Null 
Method. LAURIST S. Tay or 7D ‘ f Stan 

roj ay 1931, pages 807-818 

In tise use of an electrostatic system 
charges and currents, it is necessary to kno\ 
static capacity of the system. For small capac 
in this measurement may easily be 1 per cer 
described a new method for calibrating a n 
such a manner that the capacity of the leads 
and which therefore permits a reduction in 
error to one-tenth. When a system is once ca 
manner described, any unknown capacity whatev: 
added to the leads without affecting the meast re 
the desired quantities. Expressions are given fo! 
sitivity of the system in terms of readily meas 











t 
} 
1 


} 
1D 


Irrent 


tities. Applications to the measurements of cur! 
and capacity are discussed. (4.1) 

4 New Form of Cross-Coil Instruments, (Eine neue Forn 
von near ingore paanaay* HeEINz GRUESS i 
Veréff ” us dem Siemens-Konzern, Vol. X, 19 
137-15 

A comparison of the behavior of galvanometers 
iring small changes of resistance discloses the s 
of the bridge method over differential me thods w 
to sensitivity. An instrument is described whic! 
the advantage of the bridge method, i.e., the 2 
curacy, with the advantage of independence <¢ 
from the voltage across the instrument; anothe 
is that it responds to even smaller changes of ! 
than the cross-coil instrument of Bruger. The ne 





ment is also free from temperature errors i 
obtained without loss of torque so that it is super 
moving-coil instrument; further, it is arranged 
manner that it can also be used as simple moving 

rument. The theory of the instrument is derived 





Series Testing-Desk for Alternating Current eters 
(Serieneichpult fiir Wechselstromzihler.) A / fit 
May 1931, pages 330-331 

The A. E. G., Berlin, describes a table and the 
equipment for arranging a number of meters in 
testing. 
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Study of Sphere-to-Grounded-Plate Spark Gap. (Ueber die 
Funkenstrecke “Kugel-Platte geerdet” mit Abschirmun- 
gwen.) H. KasTENBEIN AND W. KeLrtermeyer. Elektrotechnische Zeit- 
schrift, Vol. 52, July 23, 1931, pages 969-970 

This spark-gap is investigated and it is found that this 
combination gives more reliable voltage curves than the 
usual sphere-sphere arrangement, particularly if screens of 
certain arrangements were used, An equation for the volt- 
age is derived and calibration curves reproduced. Ha. (4.1) 

High Voltage Testing Plant. Electrician, Vol. 106, Feb. 13, 
1931, pages 240-241 

The necessity for testing insulation and cables at the 
highest pressures has resulted in the designing of special 
equipments to meet these particular conditions. The Oer- 
likon Co. has built equipments for pressures ranging be- 
tween 200,000 and 1,000,000 volts 

The 1,000,000 volt installation at their own works, and the 
200,000 volt installation for the Societe d’Exploitation des 
Cables electriques at Cortaillod, Switzerland, are briefly de- 
cribed. WHB (4.1) 

Experimental Investigation of Electrostatic Fields. (Ex- 
perimentelle Untersuchung elektrostatischer Felder.) Jou. 
Las irchiv Elektrotechnik, Vol. 25, Jan. 27, 1931, pages 17-20. 

A bridge arrangement is described by means of which, 
according to Green's theory, the potential within a two- 
dimensional or centrically-symmetrical electrical field can 
be determined at any place; this method is applicable even 
where analytical methods fail. The theory is explained and 
the bridge and the measurement described. Pictures of dis- 
tribution of the electrical field of transformers are repro- 
duced. Ha. (4.1) 


ELECTRONICS & RADIO (5) 


Photo-electric Measurements, Devices & Applications (5.3) 
Devices. Ear: D. WIL- 





Optimum Outputs of Photo-S 


Ket entifi Instruments, Vol. 2, Dec. 1931, pages 
797-806 
The terms “power sensitivity’’ and “voltage sensitivity” 
ire defined for photoelectric elements in a circuit, and a 
mathematical expression is derived to evaluate each of these 
haracteristics for the three classes of light-sensitive de- 
vices photo-conductive, photo-emissive, and photo-voltaic. 
The conclusion is reached that, under normal illumination 
ind a practical size cell, none of the photo-sensitive ele- 
ments have the power sensitivity to operate a dependable 


relay. The selenium bridge and gas-filled cesium cell come 
nearest to doing so. Voltage sensitivity of both photo-emis- 
sive and photo-conductive cells is adequate to work a relay 
thru one stage of vacuum tube amplification, the photo- 
ll being in this respect the better. The photo- 
voltaic cell is poor for this purpose, but has the advantages 
of being self-contained and possessing a power-sensitivity 


that increases with light flux HO (5.3) 
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Photo Cells and Thyratrons. . J. Davirs. Elect) 






June 26, 1931, pages 936-938 

The growing importance of vacuum devices is 
The many applications of electric “eyes” and 
pointed out. This paper deals with the use of the p} 
thyratron combination. The thyratron is a modifi 


the common 3-electrode wireless valve. Characteri 
erties of valve and thyratron are tabulated and 

outstanding differences lie in the current handling 
the working voltage drop between anode and cat} 
the nature of the grid control. All of these differe, 
due primarily to the use of the gas filling of mercu 
which results, during operation, in the production 

ive ions by electron bombardment. WI 


Electronic Measurements, Tubes, Devices, and Their 
Applications (5.4) 


Universal Tube Test Equipment. 0. H. Brewster 
Mayers, Electronics, Vol. 3, Nov. 1931, pages 198-199 

A testing desk with meter and control panel is ds 
in detail; grid emission, ionization and dynami 
teristics of tubes can be tested. | 

An Automatic Testing and Sorting Machine for Amplifier 
Tubes. (Eine selbsttatige Priif-und Sortiermaschine fiir 
Verstarkerrohren.) \\ Praus & F. Menzcer. Elekt 
Zeitschrift, Vol. 52, Oct. 8, 1931, pages 1277-1278 

An entirely automitic machine is described wit! 
all types of tubes, including screen-grid tubes, can b 
ured and sorted according to defects. The tubes are p 
a rotating device and the measurements are mad 
different positions of the tubes for insulation, vacuun 
current, grid current, ionization current. The capacit 

1 





machine is 1800 tubes per hour. The special relay 
were necessary for the small currents, and the dia 
connections are explained. I 


Grid-Current Measurement. L SUTHERLIN. El ’ 
3, Oct. 1931, page 148 

Describes an amplication method with special tube 
must have a high degree of insulation. Currents of tl 
of 10-14 amperes can be detected. H 

Measurement of in Radio Tubes, M. D 
Electronics, April 1931, pages 594-595 

The vacuum in finished tubes can be measured 
inverse current which flows in the grid circuit wl 
latter is negative with respect to the filament. T} 
rent originates from the ionization of the gas in t 
and is therefore essentially proportional to the eg 
tents of the tube. The current is of the magnitude of 
hundreds of a micro-ampere, so that it can not be m« 
with ordinary factory methods. A method is desc: 
which, by means of known quantities in the circuit 
knowing the time it takes a condenser to dischars 
current can be easily calculated from the formula 
value is divided by the average plate current, the ra 
be designated as tube constant or ionization factor 
proportional to the gas in the tube. H 





A Device for Obtaining Very Small Electric Currents of 
Known Magnitude. Lioyp P. Smitn. The Review of Sci 
struments, Vol. 2, No. 4, April, 1931, pages 237-241 

A new vacuum tube which yields currents of the 
of magnitude 10-12 to 10-15 amperes is described in 
the circuit is illustrated and a graph of the results 
lished which shows excellent linearity characteristic 
useful features of the tube described are: (1) It dé 
very small currents of known magnitude over a lars 
rent range. (2) Its capacity is very low (2 micro 
farads) making it useful for the calibration of electré 
measuring systems or for using the electrometer as 
instrument. (3) It is capable of delivering currents of ¢ 
sign MFB 

Life Testing of Vacuum Tubes. G. H. Rocxwoop. Bel! 
tortes Record, Vol. 9, March 1931, pages 320-324. 

A complete description of the arrangement of test-! is 
for making periodical tests of vacuum tubes for cath: I 
fiilament temperature, protection against short-circuit 
tween fiilament and grid and plate circuits. The whol 
rangement is mounted on a little car. Ha 

Cathode-Ray Oscillograph Tests Arrester Production 
ACKERMANN. Electrical World, Vol. 97, May 9, 1931, page 86t 

A cathode-ray oscillograph is being used in conne 
with a surge generator for the purpose of testing 
block in the production line before it is assembled ir 
arrester. The Westinghouse apparatus used is of the 
tube type with a filament heated cathode and is ope! 
at 4000-5000 volts. The impulse, impressed on the arreste 
element, is generated by a 50-kv. surge set of .28 
capacity. A single operation inserts the arrester block 
the surge circuit, and closes primary and secondary 
tacts. The corresponding volt-ampere curve appears 
fluorescent screen traced in about 1/50,000 of a seco! 
the deflection of the cathode-ray beam in proporti 
voltage and current in the arrester. The screen bott« 
the cathode-ray tube is partly covered by a mask on 
limits of characteristic coérdinates are marked in } 
black lines. The lower line marks the potential below w 
the arrester should not pass current, the upper line 
voltage to which the arrester must reduce the impr 
surge. The ratio of the two ordinates is 2.5:1. The maxi 
current for this test is 500 amperes. If a volt-ampere 
at any point extends beyond the lower or upper limit 
by the characteristic horizontal lines the particular arré 
block is rejected. Changes in characteristics are asso: 
with small fluctuations in the composition of the fu 
mental ingredients or in processing. The indications ¢ 
by the oscillograph disclose these departures at once an 
processing of the units is under immediate control 
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Instruments Abstracts Classification 


(Continued from Page A9) 
Spectrometry (7.5) 
Photography (7.6) 
Microscopy (7.7) ’ : 
Electromagnetic Rays (This heading covers all electromag- 
ietic rays other than visible light: infra-red, heat rays, 
tra-violet, X-rays, alpha, beta, gamma, cathode, and 
»smic rays.) (7.8) 
CHEMISTRY (8) ; : 
Under this heading will be chemical measurements, analysis 
and their control applications. 
ASTRONOMY, NAVIGATION, AVIATION (9) 
Included in this section will be, besides usual matters con- 
cerning astronomy, navigation and aviation, special matter 
, direction-control such as range finding, direction finding, 
radio beacons, etc. 
GEODESY, GEOLOGY (10) d 
In this section will be covered seismology, geophysical pros- 
pecting methods, etc. ba 
INSTRUMENT DESIGN and CONSTRUCTION (11) 
Matters concerning new instruments, their design, opera- 
tion and manufacture, will be included under this heading. 
GENERAL and MISCELLANEOUS (12) 
This section will include: First; general items of interest to 
all in the fleld of measurement and control. Example—“Pos- 
sibilities of Vacuum Tubes for Application to Measurement 
and Control” is an article of universal interest in the flelds 
of measurement and control. Second; miscellaneous items of 
general interest because not includable under any of the 
above classifications. Finally, items of general interest to 
all fields of measurement and control, such as historical ma- 


terial, biographical, etc. 
General (of interest to all in measurement or control fields) 
1 


(12. 


Miscellaneous (12.2) 
Historical and Biographical (12.3) 
Bibliographical (12.4) 
Economic (12.5) : _ , 
CONTROL FUNCTIONING EQUIPMENT (13) 
Literature on the equipment used by operators or automatic 
controllers to perform their control functions will be cov- 
ered under this heading. For example, the drum controller 
and associated switches, rheostats, relays, and motor start- 
ers by which an operator controls the motion of a crane are 
all pieces of “control functioning equipment. 
Mechanical Control Functioning Equipment (13.1) 
Electrical Control Functioning Equipment (13.2) 

Includes drum controllers, relays, solenoids, etc 


¢ © © 


A Sensitive Wood Element Hygrostat 
(Continued from Page 144) 
elements become stressed to the point where the instru 
ment has to be readjusted or the elements replaced. 

As previously pointed out, under a fluctuating condi 
tion of about 10° at about 70°F., hygrostats using wood 
as the hygroscopic element can only be expected to con- 
trol relative humidities to within 2%. This particular 
design approaches these limitations in the control of 
relative humidity and the useful temperature range of 
the instrument is only limited to the temperature at 
which the hygroscopic nature of the wood is destroyed. 

The hygrostat cannot be used throughout wide ranges 
in temperature without some adjustment or some com- 
pensation being made for the variations in length of the 
element at various temperatures. Wood is very sensitive 
to thermal changes, and though its coefficient of thermal 
expansion is not large, it is sufficient so that when a long 
element is used a wide temperature fluctuation causes 
a change in control setting. Under normal operating 
conditions a 5° or 10°F. temperature variation does not 
change the control sufficiently to warrant the introduc- 
tion of compensating thermal devices. 

SIGNIFICANCE 

The value of this or any other type of hygrostat lies 
in the ability to use the instrument to control conditions 
of equilibrium or relative humidity which in many cases 
is more important than the control of temperature. In 
the drying of wood, for example, there are many in- 
stances where variations of temperature of 10°F. are 
immaterial insofar as the drying is concerned, but if such 
4 temperature variation’ results in a wide variation in 
equilibrium moisture content conditions, considerable 
harm may result in the way of damaged stock. In this 
case the hygrostat controls the more important equili- 
brium moisture content conditions, which, with a 10° 
te mperature change, would not result in damaged lum- 
ber but only in increasing or decreasing the drying rate. 
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Improved Feussner Potentiometer 
Multiplier 

Standard Cell Comparing Potentiometer 
Modified Mueller Temperature Bridge 
Thermometer Commutator 

Platinum Resistance Thermometers 
Kelvin Double Bridge (illustrated) 

Per Cent Bridge 


Standard Cells 
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HERE’S A LINEAR TIME AXIS 
FOR THE G-R CATHODE-RAY 
OSCILLOGRAPH 

















Unusual brilliancy of image is an important feature of the 
General Radio cathode-ray oscillograph. Now these bril- 
liant patterns are made available for observing and pho- 
tographing the true shape of high-frequency alternating- 
current waves by means of the new sweep circuit. 

The Type 506-A Sweep Circuit is described in the 
May issue of the General Radio EXPERIMENTER. 
Write for your copy. 


GENERAL RADIO COMPANY 
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ne surge Zesting—she Cathode-Ray Oscillo- 
roMTy ) xr. i arnal, Voi. 28, Feb. 1931, pages 
) M pages 161-164 
1 ‘ le-r lograph irate mea res tag 
nd t nshij It depends for its operation on the 
nfluence ee t fix | ipo! n electron be n The Dou 
iN nder types are illustrated and their operations 
i. Th leflection of the cathode rays ! 
held | t motion and oscillogran t 
f rhe elect le pg permits the pe 
the Duf | ‘ graph for tl cathode tage 
} test nd the timir “system voltag Vithir l 
nd Phe ‘ ~ mpl nd consistent 
i | iit’ de ie | nd adjustment ] SvI 
zit ‘ iit the most complex system is the comb 
Dufou tv] scillograph and single-sweep tin z 
I ent part if the system are shown in a figure 
WHB 
Phe Time-Deflection in Braun-Tubes. (Ueber die Zeit- 
ablenkung bei Braunschen Réhren.) G. Haver: Electrotechniscl 
rif Ve 2, April 2, 1931, pages 147 
Phe time leflection ‘ the ibscissa of diagrams { t! 
I} in-tube isual obtained by the discharge of a con- 
lense throug} resistance the plates for the deflection 
t tl le-ray ire connected to the condenser The 
J ties of this time s ire discussed as function of 
nstants f the condenser circuit and the conditions 
lete ned f ertain required drop in potential during 
! } period Ha (5.4) 
The Study of Non-Periodic Phenomena with the Cathode- 
Ray Oscillograph. (Die Aufnahme chtperiodischer Vor- 
gxiinge mit dem Khathoden-strahloszillographen.) a. 3 H 
Vi Oct 12, 1931, pages 689-694 
The method b ed nthe arrangement that the cathode- 
lefl ted in the time axis b tilting oscillations and 
t phenomenon to be analyzed is periodically con- 
! i 1 i ff b tilting relay at definite points of 
‘aan , . \ few examples illustrate tl operation of 
tt nstrument Ha (5.4) 


The High-Tension Supply of the Cathode-Ray Oscillograph. 
(lteber die Hoe hspa tunngsaniage des Kathodenoszillograph- 


en.) | ho Vo 2 Oct 12 1921. 
} A i 
Ihe hang ‘ he xciting ltage at ternating 1 1 of 
! ! ! ! ip} \ nfluences the i! f 
I ' nituds f the disturbances is ir 
i eat l .% btair r iniform } 





The Photo-Electric “Eye” in a Steel Mill Machine 


N ' pare 206 
AL phot tr cell is used at the plant of tl Bethlehem 
Steel Ce Lebanotr Pa., to actuate the mechanism for cutting 
tl I When the end of the bar passes over the cell the 
I eut. The length is varied by shifting the cell 
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The Electron Tube in Machine Design. Ray» FRANCIS 
YATES , Vol. 38, Oct. 1931, pages 95-96. 

General discussion o lication of the vacuum tube, 
photo-electric cell, and xzrid glow tube in wire drawing, 

itor tir orting and « ing devices, and motor control 
ni! nz mills. Mentions control of elevators and valves but 
i not elaborate. RHI’ (5.4) 

A Periodic Contactor Operated by a Neon-Tube Oscillator. 
HH = ‘ Review Sc Instruments, Vol. 2, March 1931, 
" 164-170 

r} levice is capable of closing a circuit periodically at 
r le ed equency and holding it closed for any desired 
f tior f he eyels The plate current of thermionis 

ium tube charges a condenser; when the potential across 

the ‘ equal to the flashing potential of the neon- 
tu t be ns to glow and its resistance drops to a very 

w valu owing the condenser to discharge rapidly to 
! we rit 1 potential, the extinction potential of the 
tube, be w which the tube again becomes non-conductive 
Then tl ondenser charges again, and so forth, This cycle 
repeats at a frequency which depends on the value of the 
plat irrent of the tube, the capacity of the condense: nd 
the characteristics of the neon-tube. The frequency of the 
~ tion is controlled by varying the capacity of the con- 
denser or the plate current. The UX-171A type of tube has 
bee found most satisfactory for this purpose The full 
equipment used in the author's experiments is described. A 
saw-tooth voltage of frequency up to about 5000 per second 

ild be »btained (Ha 4) 

Large Cathode-Ray Oscillograph for 200 KV Deflection 


Voltage. (Gross-Kathodenstrahl- Oscillograph fir 200 KY 
Vol 











Ablenkspannung.) | Binpver. Elektrotechnische Zeitschrift, 
June 1, 1931, pagwes 735-736 
When investigating very rapidly passing phenomena as 
f.i reing, spark-gap breakdowns, insulator testing, etc., it 
had been found desirable to have the high-voltage con- 
nected to the deflecting system. Such arrangement for 200,- 
100 volts is described; in this way the disturbing oscillation: 
w! } re originated when a voltage divider is used are 
entirely eliminated. The ipparatus has been built in the 
high-tension laboratory of the Technical University, Dres- 
der ind consists essentially of a drawn brass tube of 
00mm. inside diameter and 2200mm. length closed by brass 
plates. Within the tube, the ray producing chamber, de- 
flection nd photographing chamber are arranged. Ha (5.4) 
tained, Accessible Aut« atic _Oscillograph, Electri 
rid, Vol. 98, Aug. 22, 1931, page 352 

A new type of oscillograph for recording automatically 
ill fluctuations on power systems is manufactured by the 
Westinghouse Electric & Manufacturing Co. This type PA” 
s more accessible, more flexible, and easier to adjust than 
the power Osiso and operates within 4-1 cycle of a 60-cycle 
wave after the appearance of a fault. Any mechanical quan- 
tity translatable into an electric one may be recorded. 
Characteristics are: speed, gear-drive from an integral mo- 
tor, low cost, utility, simplicity and compact daylight load- 
ng film WHB (5.4) 
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Photoelectric Cells in Chemical Technology. A. ]. \i 
Industrial & Engineer Chemist Oct. 1930, pages 107) 
The vacuum cell and the gas-filled cell are dis« 
performance characteristics are given. Diagrams a 
to illustrate the use of the photoelectric cell in: 1) 
in which the photoelectric current itself is used t 
i sensitive electrical inst per grag 2) a circuit in wi 
photoelectric current actuates a radio-tube amplific 
by increasing the magnitude of es current whicl 
used to control a mete relay, or other electri 

Applications are given ME H (5.4) 


Process ¢ onteet with the Electric 


ly ‘ I , j ” tr ct 

1H69 P 
The photoelectric cell is described in 1 
its many applications in plant and proces 


Fitting Photo-Electric T ube ~ into the Scheme of 


tive Production. |. G HELI {utomotive Ind 
10, 1931, pages 64-66 

rhe article points out the manifold apy 
lectri cells it the itomotive indus 
tubes manufactured by the Westinghouse 
Cx ind General Electric Co. are describec 


Curve « 
Instrur 


Wave-Length-Sensitivity 
a New Light- Sensitive 


The 
Photocell; 





violet. T. F. ¥ & W. ( Pierce. Jour 

f Amer Aug. 1931, pages 497-501 

The construction and chi s of a quart 
cesium oxide cell are deser i cell is ve 
to ultraviolet light of very ve lengths + 
short as 2390A. (5.4) 

Photoelectric Relays and Monorail System Speed 
Handling. H. | BouHM tecl, Vol. 89, July 1931, page 

The irticl describes a photoelectric tube cor 
monorail conveyor system designed to handle m 
a railroad terminal. The bags are moving with | 
$50 ft. per mir ind 
destination | mear 1 
tion at tne i aor t 
tube which previously 
tination point at tl! 
tube by actuating rela t 
rier at the car for 

A Method of Determining the Impedance of Hot ¢ 
Discharge Tubes. \W. fF. West rp, J] Rez Pi 
trument Aug. 1931, pages 437-44¢ 


sed alternating 
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of a Cesium 
nent for the 


current, tl 


means Of a superpo 

tive resistance of hot cathode neon and mercury dire 
rent arcs Was measul and found to follow « ‘ 
slope of the static characteristic of the neon are, | 
widely different in the case of the mercury re At tl 
time the reactance for the ripple current in the a1 \ 
termined. This reactane is exp ned on the basis « 
lag in the concentration of metastable atoms f 
phase shift tl order of magnitude of the lifetime 
metastable atoms is con ited, and the result is i! 
ment with calculations made by others. (5.4) 

Investigations on the Electron Current of the 


catho Oscillograph,. (Untersuchungen 
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nenstrom beim K altkatho lenoszillographe R 
Archiv Elekt A : July 15, 1931 es 505-52 
The very nvestigation into the perf 
of the cold raph with pre-concentrat 

narrow d eals that the ntensit 
tron ray th anode current, on tl! 
tion of the e cathode, the mater! 
diameter gas contents, and tl d 
of the h ! All these influs es | 
measured : juality of the record dez 
a certail ind of coils used for div t 
bundl of rays re better rales flat 





A Sensitive Time Switch 
(Ueber eien a shen A gg x eae fue! 
zillographen.) H. Pt A? le j 
1931, pages 453-458 


for the Cathode-ray 





r den 


The timing function of oscill s to be I 
for transient phenomena by the 1 thems¢e 
that just in the instant when the phenomenon is t 
corded. This is done by n electron tube to which a 
lower than the expected voltage of the phenomeno: 
recorded is connected As soon as the phenomenor 
place the ibe responds, as it receives, due to the s 
the phenomenon, a voltage sufficientl) high to start it 
ing. The general properties of such arrangements 
scribed; the time for responding is about 1.5 x 10-® s 


(9.4) 
Beam-Triggering 
(Strahisperrungen 
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beim : 


techmk, Vol. 25, July 15, 1931, 
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In order to protect the photographic film against 
exposure and to record the time axis only once, and that 
at the time when the phenomenon is to be recorded, 8s 
devices have been developed ost sa ry n 
and acting almost instantaneously Rog 
which uses plates which deflect the in th 
active period and release it as soon as the phenom: 
starts. All methods are fully described and illustrate 
12 references are cited. Ha (5.4) 


ACOUSTICS & VIBRATIONS 


Sound, Vibration Phenomena & Measur 
A Concave Ultrasonic Diffraction Gratin 


(6) 


ements (6. 1) 





&- Gt 


1931, pages 332 


Son. Keview of S tentin Instruments, June - 
A Concave Ultrasoni Diffraction Grating and m<¢ 
have been used to measure ultrasonic wave lengths bet 
1 and 3 mm. An oscillating quartz crystal serves as 
erator and receiver of the waves. The results are com] 
with those obtained by the Pierce Interferometer and 

to agree quite well. (6.1) 
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INSTRUMENTS INDEX 


Of instruments and devices for measurement, inspection 
or control 


u are unable to find what you require in this section 


af INSTRUMENTS—write Information Section, Instru- 


ts Publishing Company. Give complete information 


of requirements. 





ABRASION TESTERS 
Alfred Suter 

ACOUSTIMETERS 
Burgess Laboratories, Inc., C. F. 

AIR FLOW INDICATOR 
Brown Instrument Co. 

Defender Automatic Regulator Co. 
Foxboro Co. 

Hays Corporation 

Morey & Jones, Ltd. 

Tagliabue Mfg. Co., C. J. 

AIR METERS 
Defender Automatic Regulator Co. 
Foxboro Company ; 
Taylor Instrument Companies 

ALTIMETERS 
Tagliabue Mfg. Co., C. J. 

ALTITUDE BAROMETERS — 
Taylor Instrument Companies 

AMMETERS—Indicating 
General Electric Co. 

General Radio Co. 

Jewell Electrical Instrument Co. 
Rawson Elec. Inst. Co 

Weston Electrical Inst. Corp. 

Recording 
Bristol Company 
General Electric Co. 

Tagliabue Mfg. Co., C. J. 

ANEMOMETERS 
Bristol] Company 
Taylor Instrument Companies 

ARMATURE TESTING EQUIPMENT 

ASPHALT TESTING APPARATUS 
Tagliabue Mfg. Co., C. J. 

ATTENUATION NETWORKS 
General Radio Company 
Rubicon Company 
Ward Leonard Elec. Co 

AUDIO- FREQUENCY OSCILLATORS 
General Radio Company 

BALANCES 
Alfred Suter 

BALANCING MACHINE 
Alfred Suter 
Baldwin-Southwark Corp. 


BAROMETERS — Aneroid, Mercurial, 


Recording 

Bristol Company 

Defender Automatic Regulator Co. 

Tagliahue Mfg. Co., C. J. 

Taylor Instrument Companies 
BATTERY CHARGING RHEOSTATS 

Ward Leonard Elec. Co. 
BATTERY TESTERS 

Weston Electrical Inst. Corp. 
BEARING TESTERS 

Burgess Laboratories, Inc., C. F. 
BOARDS: INSTRUMENT 

Foxboro Co. 
BRAKE TESTING METER 

Rawson Elec. Inst. Co. 
BRIDGES, ELECTRICAL 
Capacity, Inductance, Kelvin, 
Resistance, Temperature, Wheatstone, 
Percent 

Eppley Laboratory, Inc. 

General Radio Co. 

Rubicon Company 
CABLE TESTERS 

Rawson Elec. Inst. Co. 

Rubicon Company 
CALORIMETERS 
Peroxide, Oxygen Bomb 

Burgess-Parr Co. 

Gaertner Scientific Co. 
Steam 

Ellison Draft Gage Co. 
CAPACITANCE METERS 

General Electric Co. 

General Radio Co. 

Jewell Elec. Inst. Co. 

Rubicon Company 

Weston Elec. Inst. 
CARBON DIOXIDE METERS 

Brown Instrument Co. 

Defender Automatic Regulator Co. 

Foxboro Co. 

Hays Corporation 

Tagliabue Mfg. Co., C. J. 
CARBON MONOXIDE METERS 

Tagliabue Mfg. Co., C. J. 
CATHETOMETERS 

R. Y. Ferner Co. 

Gaertner Scientific Corp. 
CEMENT TESTING INSTRUMENTS 

Alfred Suter 
CHRONOGRAPHS 

R. Y. Ferner Co. 

(Gaertner Scientific Corp. 


CHRONOMETERS 
R. Y. Ferner Co 
Tagliabue Mfg. Co., C. J 
CLINOMETER 
Baldwin-Southwark Corp 
CLOCKS—Gage Board 
Brown Instrument Co. 
Bristol Company 
Defender Automatic Regulator Co 
Foxboro Co. 
CLOUD & POUR TEST : eee 
Tagliabue Mfg. Co., C. J 
coILs 
Resistance, Inductance, Special. 
General Radio Co. 
Rubicon Company 
Ward Leonard Elec. Co 
COIL TESTING EQUIPMENTS 
Rubicon Company 
COLORIMETERS 
Bausch & Lomb Optical Co 
Tagliabue Mfg. Co., C. J. 
COMBUSTION CONTROL EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co 

Defender Automatic Regulator ¢ 

Hays Corporation 

Morey & Jones, Ltd 
COMMUNICATION MEASURING IN- 

STRUMENTS 

General Radio Company 

Rawson Elec. Inst. Co 
COMPARATORS 

Bausch & Lomb Optical Co. 

R. Y. Ferner Co. 

Gaertner Scientific Corp 

General Electric Co 
COMPASS 

Taylor Instrument Companies 
CONDENSERS—Electrical 

General Radio Co. 

Rubicon Company 
CONDUCTIVITY METERS 
Indicating, Recording, Controlling 

Rawson Elect. Inst. Co. 

Rubicon Company 
CONTOUR MEASURING PROJECTOR 

Bausch & Lomb Optical Co 
CONTROLS, AUTOMATIC 
Combustion 

Defender Automatic Regulator ¢ 

The Hays Corp 

Morey & Jones, Ltd 
Condensation 

Bristol Company 

Tagliabue Mfg. Co., C 
Damper 

Bristol Company 

Brown Instrument Co 

Defender Automatic Regulator ( 

Foxboro Co. 

Hays Corporation 

Morey & Jones, Ltd 

Tagliabue Mfg. Co., C. 
Demand Pressure 

Foxboro Company 
Feed Water 

Bristol Co. 

Brown Instrument Co 

Foxboro Co. 
Fliter Rate 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Tagliabue Mfg. Co. C. J 
Flow 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 
Gravity 

Tagliabue Mfg. Co., C. J 
Humidity 

Bristo' Company 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Humidity & Temperature 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Liquid Level 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 


~~ 


no 


Pressure & Vacuum 
Briste] Company 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Conipanies 
Pyrometer 
Bristol Company 
Brown Instrument Co 
Defender Automatic Regulator ( 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Rate-Volume 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Refrigeration 
Bristol Company 
Brown intomnent Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Special 
Rubicor Co. 
Tachometer 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Weston Elec. Inst. Corp 
Temperature-Time 
Bristol Company 
Brown Instrument Co 
Foxbore Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Thermometer 
Bristol Company 
Brown Instrument Co 
Defender Automatic Regulator ( 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Thermostat 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Time 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Vacuum 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Voltage A.C. 
Ward Leonard Elec. Co 
Water Level 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
COUNTERS—Ratchet, Magnetic 
Veeder-Root, Inc. 
Revolution 
Baldwin-Southwark Corp 
sristol Company 
Brown Instrument Co 
Veeder-Root, Inc 
Stroke 
Saldwin-Southwark Corp 
sristol Company 
COUPLING TRANSFORMERS 
General Radio Company 
CREEP TESTER 
Baldwin-Southwark Corp 
Alfred Suter 
CURRENT RECORDERS 
Bristol Company 
Tagliabue Mfg. Co., C. J 
CYCLE COUNTERS 
General Radio Co 
CYLINDERS-GRADUATED 
Tagliabue Mfg. Co., C. J 
DAMPING TESTER 
Baldwin-Southwark Corp 
DEFORMETER (Beggs) 
Baldwin-Southwark Corp 


DEMAND METERS 


Gas 

Foxboro Company 
Electric 

General Electric Co 
DIMMERS 


Ward Leonard Elec. Co 
DIVIDING HEAD 
Optical 

Bausch & Lomb Optical Co. 
DIVIDING MACHINES 

R. Y. Ferner Co 

Gaertner Scientific Corp 
DRAFT GAGES—-see Gages 
DYNAMIC BALANCING EQUIP, 

Alfred Suter 
EARTH CURRENT METERS 

Rawson Elec. Inst. Co 


ya gage 
iabue Mf Cr ce 
ELECTRIC TELEMETER 
Baldwin-Soutt 
ELECTRIC WAVE FILTER SECTIONS 
| Radio Cor pany 
ELECTROMETERS 
tubicon Co 
ELECTRONIC METERS 
Rawson Elec. Inst. Co 
ENGINE at iy 
Baldwin-Southwark Cory 
ENGINE REVOLUTION COUNTERS 
Veeder- Roo 
EXTENSOMETER 
Baldwin-Southwark Cory 
Alfred Suter 
FATIGUE TESTERS 
Baldwin-Southwark ( 
Alfred Suter 
FAULT FINDERS 
General Rad 0 Co 
Rubicon Company 
Weston Elec. In Con 
= RHEOSTATS 
rd Leonard Elec 
FLASH & BURNING POINT TEST 
ERS 





Tagliabue — eS € 2 
Tay r In tri ent ¢ npanies 
FLOW METERS 
ge med 
} \ i R r ( 
A rey & Jones, Ltd 
Indicating & Recording 
Brown Instrument C 
Foxboro ¢ 
Tagliabue Mfg. Co., C. J 
FLUE GAS ANALYZERS 
Hays Corporation 
FLUXMETERS 
Rawson Electrical Instr. Co 
FREQUENCY METERS 
Indicating 
General Electric Co 
Jewell Electrical Instrument Co 
Weston Ele Inst. Corp 
Controlling 
Recording 
Bristol Comy 
Standards 
General Radio 
— ANALYSIS APPARATUS 
P 


{ 
FUEL FLOW INDICATOR 
ID \ i RK 


Morey & Jones, Ltd 
FURNACE — 
Bristol Compa 
I) | \ t ht ( 
Tay > inset mpanies 
FUSES 
ag 
ttelfuse Laboratories 
cage RODS 
bue Mfg. Co., C. J 
GAGES. 
Absolute Pressure 
Bristol Company 
Brown Instrument Cc 
Foxboro Ce 
Tagliabue Mfg. Co., C. J 
Taylor Instrument (¢ panies 
Amplifying 
R. Y. Ferner Cc 
Comparator 
R. Y. Ferner Co 
Cylinder 
R. Y. Ferner C 
Deformation 
Baldwin-Southwark Cor; 
Depth 
“— 
Y. Ferr 
Diftorentiol Pressure 
Brown Instrument C 


Foxboro ¢ 

Hays Corporatior 

lorey & Jones, Ltd 

Tagliabue Mfg. Co., C. J 
Draft 

Bristol Company 

Brown Instrument Cc 

Ellison Draft Gage Co 

Foxboro ( 


Grinding 
Liquid Level 
Bristol Company 
srown Instrument Cc 
Ellison Draft Gage Co 
Foxboro Co 
Morey & Jones, Ltd 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Loss of Head 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Morey & Jones, Ltd 
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Pitch Diameter 

R. Y. Ferner Co 
Pocket 
Pressure 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Alfred Suter 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Pressure- Temperature 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Pressure & Vacuum 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Profile 

Bausch & Lomb Optical Co. 
Rain 

Taylor Instrument Companies 
Recording—Distance 

Bristol Company 

Brown Instrument Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Strain 

taldwin-Southwark Corp. 

Alfred Suter 


Tester 

taldwin-Southwark Corp 
Thickness 

R. Y. Ferner Co 
Vacuum 

General Electric Co. 
Volume 

Brown Instrument Co 

Foxboro Co 


Water Level for Boilers 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Wind 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Companies 
GALVANOMETERS 
Brown Instrument Co 
General Radio Co 
Jewell Electrical Instrument Co. 
Rawson Elec. Inst. Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 
GAS ANALYTICAL METERS 
Chemical 
Hays Corporation 
Tagliabue Mfg. Co., C. J 
Electrical 
Brown Instrument Co 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GAS-METERS 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
GOVERNORS 
Laboratory Dry & Wet Gas 
Pressure 
Bristol Company 
Brown Instrument Co 
Tagliabue Mfg. Co., C. J 
Pump 
Tagliabue Mfg. Co., C. J 
GLASS BLOWERS’ GOGGLES 
Burgess-Parr Co 
GREASE TESTING APPARATUS 
Tagliabue Mfg. Co., C. J 
GROUND DETECTORS 
Rubicon Company 
Weston Elec. Inst. Corp. 


GYPSUM TESTING INSTRUMENTS 


Alfred Suter 
HAND TALLEYS 
Veeder-Root, Inc 
HARDNESS TESTERS 
Baldwin-Southwark Corp. 
Alfred Suter 
HELIOSTATS 
Gaertner Scientific Corp 
HIGH FREQUENCY APPARATUS 
Rawson Elec. Inst. Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 


HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating 
Rubicon Company 
HYDROMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYGROMETERS 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
a 
Weston Elec. Inst. 
IMPACT HARDNESS CTESTER 
Alfred Suter 
IMPACT TESTING MACHINES 
Alfred Suter 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co 
Rubicon Company 


INSTRUMENT CALIBRATION AND 
RS 


REPAI 

Jewell Electrical Instrument Co. 

Rawson Elec. Inst. Co. 

Rubicon Company 

Weston Elec. Inst. Corp. 
INSTRUMENT FUSES 

Littelfuse Laboratories 
INSTRUMENT TRANSFORMERS 

General Electric Co. 

Jewell Electrical — Co. 

Weston Elec. Inst. 


Cory 
INSULATION TESTING. EQUIPMENT 


General Electric Co. 
Rubicon Company 
INTERFEROMETERS 
Gaertner Scientific Corp. 
KEYS AND SWITCHES 
General Radio Co. 
Rubicon Company 


KEYSTROKE COUNTERS (for Type- 
writers, Billing & Bookkeeping Ma- 


chines, etc.) 
Veeder-Root, Inc. 
KILNBOY 
Foxboro Co. 
LABORATORY RHEOSTATS 
Ward Leonard Elec. Co. 
LACTOMETERS 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Cos. 
LENGTH MEASURING MACHINES 
R. Y. Ferner Co 
Gaertner Scientific Corp. 
LEVELS 
Centering 
Bausch & Lomb Optical Co. 
R. Y. Ferner Co 
Engineer’s, Wye, Precision, Prism 
R. Y. Ferner Co 
Taylor Instrument Companies 
LOCOMOTIVE INDICATORS 
Baldwin-Southwark Corp. 
MAGNETIC RELAYS 
Ward Leonard Elec. Co 
MAGNETOMETERS 
Rubicon Company 
MANOMETERS 
Brown Instrument Co 
Defender Automatic Regulator Co. 
Foxboro Co. 
Hays Corporation 
Morey & Jones, Ltd. 
Alfred Suter 
MASTER CLOCKS 
Gaertner Scientific Corp. 
MEGOHMMETERS 
Jewell Elec. Inst. Co 
Rubicon Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co. 
Weston Elec. Inst. Corp. 
MELTING POINT APPARATUS 
Burgess Parr Co. 
Tagliabue Mfg. Co., C. J. 
MICROAMMETERS 
General Electric Co. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 
Weston Elec. Inst. Corp. 
MICROFARADMETERS 


Toolmakers’ 

Bausch & Lomb Optical Co. 

Gaertner Scientific Corp. 
MICROTOMES 

Bausch & Lomb Optical Co. 
MILLIAMMETERS 

Bristol Company 

General Electric Co. 

General Radio Co. 

Jewell Elec. Inst. Co. 

Rawson Elec, Inst. Co. 

Weston Elec. Inst. Corp. 
MILLIVOLTMETERS 

Bristol Cempany 

Brown Instrument Co. 

General Electric Co. 

Jewell Elec. Inst. Co. 

Rawson Electrical Inst. Co. 

Taylor Inst. Companies 

Weston Elec. Inst. Corp. 
MOISTURE METERS 

Tagliabue Mfg. Co., C. J. 
MOTION RECORDERS 
Mechanical 

Baldwin-Southwark Corp. 

Bristol Company 

Foxboro Co. 
MOTOR STARTERS 

Ward Leonard Elec. Co. 
MULTIMETERS 

Jewell Elec. Inst. Co. 

Rawson Elec. Inst. Co. 
MULTIPLE PEN RECORDER 

Baldwin-Southwark Corp. 

Foxboro Co. 
MULTIPLIERS 

Jewell Elec. Inst. Co. 

Weston Elec. Inst. Corp. 
OHM METERS 

General Radio Co. 

Jewell Elec. Inst. Co. 

Rawson Elec. Inst. Co. 

Rubicon Company 

Weston Elec. Inst. Corp. 
OIL TESTING APPARATUS 

General Electric Co 

Tagliabue Mfg. Co., C. J. 

Taylor Inst. Companies 
OPERATION RECORDERS 
Electrical 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 
ORIFICE METERS 
Indicating 


Defender Automatic Regulator Co. 


Morey & Jones, Ltd. 
Indicating & Recording 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 
ORSAT APPARATUS 

Hays Corporation 
OSCILLATORS 

Weston Elec. Inst. Corp. 
OSCILLOGRAPHS 

Baldwin-Southwark Corp. 

General Electric Co. 

General Radio Co. 
OXYGEN RECORDERS 

Hays Corporation 

Tagliabue Mfg. Co., C. J. 
PANTOGRAPHS 

Gaertner Scientific Corp. 
PERISCOPES 

Bausch & Lomb Optical Co. 

Gaertner Scientific Corp. 
PERMEAMETERS 

Rubicon Company 
PHOTO-ELECTRIC CELLS 

General Electric Co. 

Weston Elec. Inst. Corp. 
PHOTO-ELECTRIC COLOR 

ANALYZERS 
General Electric Co. 





PHOTO-ELECTRIC COLOR 
COMPARATORS 
General Electric Co. 
PHOTOMETERS 
Gaertner Scientific Corp 
Bausch & Lomb Optical ¢ 
PHOTO-MICROGRAPHIC EQ) 
Sausch & Lomb Optical ¢ 
PHYSICAL TESTING MACH 
Baldwin-Southwark Corp 
Alfred Suter 
PITOT TUBE METER 
Brown Instrument Co. 
Defender Automatic Reg 
Foxboro Co. 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Foxbore Company 
Linear 
Brown Inst. Co 
Baldwin-Southwark Corp 
Radial 
Bristol Company 
Foxboro Co. 
Square Root 
Foxboro Company 
POLARISCOPES 
Bausch & Lomb Optical (¢ 
Gaertner Scientific Corp 
POSITION RECORDERS 
Bristol Company 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
POTENTIOMETERS— indicating 
Brown Instrument Co. 
General Electric Co. 
Rubicon Company 
Recording & Controlling 
Brown Instrument Co. 
Standard Cell Comparing 
Eppley Laboratory, Inc. 
Feussner Type 
Eppley Laboratory, Inc. 
POWER FACTOR METERS 
General Electric Co. 
Jewell Elec. Inst. Co 
Weston Elec. Inst. Corp 
PRESSURE RECORDERS 
Bristol Co. 
Brown Instrument Co. 
Defender Automatic Regulator 
Foxboro Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Cos. 


PROCESS TIMING AND SIGNALING 


INSTRUMENTS 

Bristol Company 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 
PROJECTION LANTERNS 

Bausch & Lomb Optical Co 
PROTRACTOR 
Optical 

Bausch & Lomb Optical Co 
PSYCHROMETER 
Recording 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 

Taylor Inst. Companies 
Sling 

Taylor Inst. Companies 
PYRHELIOMETERS— 
Weather Bureau Type 

Eppley Laboratory, Inc 
PYROMETERS 
Optical 

Pyrometer Instrument Co 
Radiation 

Indicating 

Brown Instrument Co 

Pyrometer Instrument Co 

Taylor Instrument Companies 








SAFE v. SORRY 











Fuses General Radio Co. 
Littelfuse Laboratories Jewell Elec. Instrument Co. 
Indicators Rubicon Company 
Jewell Elec. Inst. Corp. Weston Elec. Inst. Corp. 
Weston Elec. Inst. Corp MICROMETERS 
—— — Co R. Y. Ferner Co. The High Speed Motion Picture Camera shows this galvanomet 
sent  enigt te Gaertner Scientific Corp. with and without Littelfuse protection. INS’ I RUME N r LITT! 
Jewell Elec. Inst. Co MICROSCOPES FUSES are made in 1/100..1/32. 1/16. %. tk. 3 1 
Weston Elec. Inst. Corp. Brinell unns. capacity, Alas made in 1600. 000 1 j ’10.000° it ae 
Testing Devices : Bausch & Lomb Optical Co. eettk. ‘sccm anl Nee sie 8 . , an ’ volt ra 
General Electric Co Gaertner Scientific Corp. ogra: eile kwesc: Sa” 
HUB ODOMETERS Alfred Suter W rite for instructive catalog 4-E and new booklet “Littelf 
Veeder-Root, Inc. Measuring Goes to Hollywood.” 
ae CONTROLLERS . ae a Co. “Quicker than a Short Circuit 
ristol Company etallographic cars . $ 
Bristol Con NE  enchial Oe LITTELFUSE LABORATORIES 4 
, none . — y Pl + ~ - q 4 
Tagliabue Mfg. Co.. C. J. Petrographical 1772 WILSON AVENUE, CHICAGO, ILL., U.S.A. = 
Taylor Instrument Companies Bausch & Lomb Optical Co. wal 
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JALING 








R 


ding 
instrument Co. 
eter Instrument Co. 
aylor Instrument Companies 
Therr electric 
Immersion 
I | Company 
grown Instrument Co. 
I ro Co. 
I eter Instrument Co. 
raylor Instrument Companies 
indicating 
»| Company 
Br wn Instrument Co. 
I r Automatic Regulator Co 
yro Co. 
Taylor Instrument Companies 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. ; 
Taylor Instrument Companies 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
yell Elec. Inst. Co. 
Pyrometer Instrument Co. 
Taylor Instrument Companies 
RADIATION TUBES 
pyrometer Instrument Co. 


RADIO FREQUENCY OSCILLATORS 


General Radio Company 

Jewell Elec. Inst. Co. 
RADIO SET ANALYZERS 

General Radio Company 

Jewell Elec. Inst. Co. 

Weston Elec. Inst. Corp. 
RADIO TEST PANEL 

Jewell Elec. Inst. Co. 

Rubicon Company 

Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 

General Radio Company 

Jewell Elec. Inst. Co. 

Weston Elec. Inst. Corp. 
REFRACTOMETERS 

Bausch & Lomb Optical Co. 
REGULATORS—See Controls 
RELAYS 

General Electric Co. 

General Radio Co. 

Jewell Elec. Inst. Co. 

Ward Leonard Elec. Co. 

Weston Elec. Inst. Corp. 
Light Sensitive 

Burgess Laboratories, Inc., C. F. 
Vacuum Contact 

Burgess Laboratories, Inc., C. F. 
Vacuum Tube 

Burgess Laboratories, Inc., C. F. 
REMOTE METERING EQUIPMENT 

Bristol Company 

Brown Instrument Co. 

General Electric Co. 
RESISTANCE—Electrical 

General Radio Co. 

Rubicon Company 

Ward Leonard Elec. Co. 
RESISTANCE COILS 

Ward Leonard Elec. ( 
RESISTOR UNITS 

Ward Leonard Elec. Co. 
“REV-METERS”’ 

Veeder-Root, Inc. 
RHEOSTATS 

General Radio Company 

Rubicon Company 

Ward Leonard Elec. Co. 
SACCHARIMETERS 

Bausch & Lomb Optical Co. 

Taylor Inst. Companies 
SACCHAROMETERS 

Tagliabue Mfg. Co., C. J. 
SALINITY INDICATORS 

Rubicon Company 
SCALES 

Gaertner Scientific Corp. 

Alfred Suter 


SEISMOGRAPHS 
R. Y. Ferner Co. 

SHUNT METERS 
Bristol Co. 

SHUNTS 
Jewell Elec. Inst. Co 
Rawson Elec. Inst. Co 
Rubicon Company 
Weston Elec. Inst. Corp 


SIGNALING DEVICES—Automatic 


Brown Instrument Co. 

Foxboro Co. 

Rubicon Company 
SPECIAL COILS 

Ward Leonard Elec. ¢ 
SPECIAL ELECTRICAL 

INSTRUMENTS 

Bristol Co. 

Brown Instrument Co. 

General Radio Co. 

Jewell Electrical Inst. Co. 

Rawson Elec. Inst. Co. 

Rubicon Company 

Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 

Burgess Laboratories, Inc., C. F. 


SPECIFIC GRAVITY APPARATUS— 


Gas 
Hays Corporation 
SPECTROGRAPHS 
Bausch & Lomb Optical Co. 
R. Y. Ferner Co. 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Sausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Bausch & Lomb Optical Co. 
R. Y. Ferner Co. 
Gaertner Scientific Corp. 
SPEED COUNTERS 
Veeder-Root, Inc 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Eppley Laboratory, Inc 
Weston Elec. Inst. Corp 
STOP WATCHES 
R. Y. Ferner Co. 
STRAIN GAGES 
Baldwin Southwark Corp 
Alfred Suter 
SULPHUR DETERMINATION 
APPARATUS 
Burgess Laboratories, Inc., C. F. 
Tagliabue Mfg. Co., C. J. 
SULPHUR DIOXIDE METERS 
Hays Corporation 
Tagliabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 
Taylor Instrument Companies 
SURGE INDICATORS AND 
RECORDERS 
General Electric Co 
SYNCHRONIZING FORKS— 
Electrical 
General Radio Co 
TACHOGRAPH 
Baldwin-Southwark Corp. 
TACHOMETERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Veeder-Root, Inc. 
Weston Elec. Inst. Corp 
TACHOSCOPES 
Brown Instrument Co 
TELEMETER 
Baldwin-Southwark Corp. 











Strip Chart Recorder. 


TPEiMING 





Chelsea Power Movement used in 





UNEETS 


Do you use a timing unit? 
Are you developing a new 
instrument or other de- 
vice in which a_ clock 
movement is required? We 
have been building special 
clock movements for near- 
ly fifty years and are sure 
we can help you in your 
development work. Cor- 
respondence invited. 


CHELSEA CLOCK CO. 


284 Everett Ave. 
CHELSEA, MASS. 












TELESCOPES 
Bausch & Lomb Optical Co 
R. Y. Ferner Co 
Gaertner Scientific Corp 


TENSILE TESTERS FOR PAPER, 


WIRE, SHEETS, ETC. 
Alfred Suter 
TENSOMETER (Huggenberger) 
Baldwin-Southwark Corp. 
TESTING MACHINES 
Fatigue 
Baldwin-Southwark Corp 
Alfred Suter 
Impact 
Baldwin-Southwark Corp 
Alfred Suter 
Hardness 
Baldwin-Southwark Corp 
Alfred Suter 
Portable—Hardness 
Alfred Suter 
Portable—Tensile—Compression 
Baldwin-Southwark Corp 
Alfred Suter 
Sheet Metal 
Alfred Suter 
Baldwin-Southwark Corp 
Oll & Bearing 
Baldwin-Southwark Corp 
Universal 
Baldwin-Southwark Corp 
A. Suter 


TEXTILE TESTING INSTRUMENTS 


A. Suter 
THERMIONIC RECTIFIERS 
General Electric Co. 
THERMO-JUNCTIONS (Electric) 
General Radio Co 
Rawson Electrical Inst. Co 
THERMOPILE—Coblenta Type 
Eppley Laboratory, Ine 
THERMOMETERS 
Gas Filled 
Bristol Company 
Brown Instrur iment Co 
Defender Au ic R stor ( 
Foxboro Compé any 
Tagliabue Mfg. Co., C. J 
Taylor Inst. Companies 


Mechanical 
Brown Instrument Co 
Defender Automatic Regulator ( 


Foxboro Co 

Tagliabue Mfg. Co., C. J 
Mercurial 

Bristol Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Resistance 

Brown Instrument Co. 

Foxboro Co. 
Vapor-Tension 

Bristol Company 

Brown Instrument Co 

Defender Automatic Regulator ( 

Foxboro Co 

Tagliabue Mfg. Co., C. J 

Taylor Inst. Companies 
Wet & Dry Bulb 

Bristol Company 

srown Instrument Co 

Foxboro Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
THERMOSTATS 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
TIME INDICATORS 

aldwin-Southwark Corp 
TIME METERS 

General Electric Co 
TIME OPERATION RECORDERS 

Bristol Company 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 
TIME RECORDERS 

Bristol Company 

Brown Instrument Co 

Gaertner Scientific Corp 

Foxboro Co 

Tagliabue Mfg. Co., C. J 
TIME SWITCHES 

General Electric Co 
TIMERS 

Rawson Elec. Inst. Co 

Rubicon Company 
TORSIOGRAPH 

Baldwin-Southwark Corp 
TORSION MACHINES 

Alfred Suter 
TRANSFORMATION POINT 

RECORDERS 

Brown Instrument Co 
TRANSFORMERS (instrument) 

General Electric Co. 

General Radio Co. 

Jewell Elec. Inst. Co 

Weston Electrical Inst. Corp 
TRANSITS 
Engineer’s, Surveyors, Mine 
Gaertner Scientific Corp 





Pocket 
Taylor Instrur nies 


TUNING FORKS—Electrically Driven 


General Radio Co 
Gaertner Sc — Corp 
Rubicon C¢ 
TURBIDIMETERS. 
Burgess-Parr Co 
U-TUBE ee 
Defender i atic | i r 
Hays Corporation 
Morey & Jones, Ltd 
VACUUM RECORDERS 
Bristol Company 


B rown Instr ment Co 
Defend \ 1 R 
Foxboro (Cc 
Taglial ie Mfg. ( eS. a 
Taylor Instrument 
VACUUM TUBE BRIDGES 
General Radio Company 
VACUUM TUBE gg 
Bu s Li al ( F 
vacuum TUBE VOLTMETERS 
Jewell Elec. Inst. ¢ 
Rawson Ele Inst. ¢ 
VALVES 


Automatic Shut Off 
Bristol Company 


Fox ( 
i ibue Mf ( he 
Taylor | nt ¢ 
Balanced 
Brown Instrument ( 
D r A Ih ator ( 
I hy 
la Mfg. Co., C. J 
Diaphragm 
( 
) rA l ( 
Foxboro Company 
lagliabue Mfg. ¢ Ca 
rir r Companies 


Electrically Operated 


* wn cae. aaa 


Cieneral Electric ( 
Reducing 

la bue Mf Co., J 
Regulating 

Bristol Co 

I wn Instru ( 

Defender A I ( 

Fo ( 

| i M ( ( J 

l ompanies 
Safety, Fuel Shut off 

la ibue Mfg. Co ( J 
VENTURI METERS 

Brown Instrument Co 

Foxboro ¢ 
VIBROGRAPH 

Baldwin ithwark Cor 
ry ur A 

\ nwar ( 

viscosimert RS 

l'ay ibue M Co 

la r Inst. ¢ par 
VOLTAGE DIVIDERS 

General Radio Co 

tubicon Company 

\\ j | } { 
VOLT AMMETERS 

General Electric ( 

Jewell Electrical Ir Cr 

We i} Ir ( 
VOLTMETERS 
Electrostatic 

Rawson Elec. Inst. Co 
Indicating 


General Eleetrie Co 

General aes Co 

Jewell Electrical Inst. Co 

Rawson El ectrical Inst. Co 

We 1 Elee. Inst. Corp 
nuaetion 

Bristol Con ipany 

General Electr ¢ 
Thermionic Rectifier 

General Radio ( 

Jewell Elec. Inst. Cc 
WATER METERS 

Foxboro Co 

Tagliabue Mfg. Co., C 
WATER wd Semen APPARATUS 

Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 

General Electric Co 
WATTMETERS 
Indicating 

General Electric Cc 

Jewell Electrical Instrument Co 

Rawson Elec. Inst 

Weston Elec. Inst. ( 
Recording 

Bristol Company 

General Electric Co 
WAVEMETERS 

General Radio ( 
WAX MELTING APPARATUS 
Tagliabue Mfg. Co., C. J 
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MAGNETIC COUNTERS | 


Mechanical contacts on machines 














in the shop make and break the 


electrical circuits which operat 


offers Magnetic Counters as primary 
the Counters over your desk, or 


control-instruments in operating pro- : 
ae banked on convenient counter- 
duction machines. These Counters 








TIT II iii iii iii titi 




















give you an every-minute record of : board. Your regular lighting 
: production at individual machines. : : circuit supplies the current (or 
: No waiting for reports from the fac- : : storage batteries if so specified 
tory. You get the total of finished : in ordering Counter). Let us 
: products or smallest parts—as fast : : - . 
: chile Sat? wit 4 give you complete information 
i machines or assembly lines. Recorded : on application of these Counters 
| on the Counter-dials over your desk. He : to your machine needs. « « 


Mechanical Counters for every requirement are shown and described in the Veeder-‘Root 
(Catalogue. Write for copy, and ask for the facts on how Counters simplify 


profit-making at the types of machines you operate. Y 


OFFICES IN THE Noodou- OO |NCORPORATED _ BUILDERS OF COUNTERS 
PRINCIPAL CITIES HARTFORD, CONN. FOR EVERY PURPOSE 


SRCR SSE SE TERETE CRETE ES SCRE CSRS REESE RE EEE ETS RES EPR ER ESET SERRE ERE SS ESE REE TES ESE RES SRE SE SEES RE REESE EERE SEE SSE SE SERS SHE SEES EERE ERE RSH REE EE REESE REET ES 





| 
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RAWSON ELECTRONIC METERS AD / ER I ISERS INDEX 
FOR AC ONLY 
Accurate over frequencies 25-100,000 cycles. Meas- 
uring from .2 microampere to 1 ampere. Supplied Arieto Import Company, In: A 
in any full scale range between 1 microampere and 
1 ampere 10 millivolts and 1000 volts. R “ee ee Cory a 
es & Lomb QO}, ( 
: Bri Company 
TYPE 602 Bro Instrur nt ¢ 
< 
Chelsea Clock Company 
Only One D> 
Balance Adjustment vefender Automatic Regulator C 
bE 
Low Resistance on Ellison Draft G ( 
Current Eppley Laboratory C« 
Fr 
High Resistance Ferner Co.. R. ¥ 
on Volts Foxboro Company, In 
: G 
Also Supplied as Gaertner Scientific Corp 
Multimeter with 20 Gana Radio Co s 
Ranges. Will With- ; 
stand Overloads of H 
500 and Higher Hays Corporation 
on Surges. J 
J nal Ss ntif Inst nts 
- ° L 
Rawson Electrical Instrument Co. Littelfuse Labs 
INCORPORATED 1918 ' , M 
orey & Jones, Ltd 
CAMBRIDGE, MASS. ' 
| id 
Branch Office: Mid-Western Representative: Pyrometer Instrument Co 
91 Seventh Avenue Eart N. WEBBER 
New York City Daily News Bldg., Chicago, III. ; Si . = = 
‘cawson khilectrica nstrumen oO 
Also Manufacturers of DC Multimeters, (AC or DC) Review of Scientific Instruments 
Thermal Multimeters, Microammeters, Milliammeters and Rubicon Company 
Ammeters, Microvoltmeters, Millivoltmeters, and Volt- : 
meters, Cable Testers, Timers, Earth Current Meters, 3 ; T Ee 
Fluxmeters, Thermo Junctions, Electrostatic Voltmeters, Taylor Instrument Cos Inside Fror 
Wattmeters, etc. ‘ 
Special Apparatus Built to Order Veeder-Root, Inc 
Write for bulletins. Ww 
Ward Leonard Electric Co 
Weston Electrical Instrument Co 
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Notice 


FUNDAMENTALS of INSTRUMENTATION 


Which Has Just Been Published 


is not Behar’s Manual of Instrumentation 


It Constitutes Part One 


The other parts are: 


Temperature 
Humidity 


2 

> 
4—Pressure 
5 





In one volume, now on the press 


Timing, Scheduling, Speed & Acceleration 


6—Fluid Flow (now running serially in Instrument 
a 


Electrical 


8—DMiscellaneous 


Moreover, only a few pages were published in 
Instruments: It is mostly NEW and ORIGINAL. 


You need not wait for the completion of the Manual——and you 
will do well to order today this basic text of value to all 


industrial engineers and executives. 


FUNDAMENTALS of INSTRUMENTATION 


By M. F. BEHAR 


EVER was the importance of measure- 
ment and control so keenly felt by in- 
dustry as in these times. This book opens 
the door to countless ideas of incalculable 
value. It is not a mere collection of “kinks” 
but a basic text, every line of which will be 
read profitably. The benefits of measure- 
ment and control never come of their own 
accord, but only when instruments are in- 
telligently applied. This book takes you by 
the hand and leads you into the newest 
branch of engineering—the newest field of 
scientific management—Instrumentation. 


Not only does it crystallize and sum- 
marize the elements of the science of meas- 
urement and the art of control, but it lays 
down for the first time an impressive 


More Than a Book 
—a Tool! 


amount of new data never published be- 

fore. The author has also induced other 

prominent instrumentation engineers to ex- 

plain in detail “how they do it.” Alto- 

gether, this is more than a book: it is a tool! 
BRIEF OUTLINE OF CONTENTS 

Industrial Instruments — General: Their 
Functions, Classes, etc. 

Properties and Characteristics of Industrial 
Measuring Instruments—Accuracy, Sen- 
sitivity, Behavior, etc., with a special sec- 
tion on Recorders. 

Performance of Automatic Controllers 
the first basic treatment of this important 
subject. 

Ihe Plant Instrument Department—By 
specialists in this branch. 














Instruments Publishing Company Date 


3619 Forbes Street, Pittsburgh, Pa. 


Enter my order for a copy of “Fundamentals of Instrumentation 


by M. F. Béhar, at two dollars ($2.00) postpaid 
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Meet Industry’s NEW ROBOT 


for 
Automatic PROCESS 


w! 


recision Production... 


~ 








Automatic Cycle Control in Vulcanization of Auto- 
mobile Rubber Tires and Tubes. Bulletin 386-R. 
Automatic Cycle Control in Processing and Pre- 
serving of Foods. Bulletin 386-F. 

Double Unit Electric Control for Automatically 
Holding Pasteurizing Temperatures within }s deg. 
Fahr. or Jess. Bulletin 3200. 

Automatic Control of Hot Blast Temperatures in 
Blast Furnace Operation. Bulletin 372. 
Recording and Controlling Equipment for Auto- 
matically Controlling Humidity in the Saturation 
of Natural Gas, Bulletin 962-A. 


4 





I emperature 








Vane device ut il 
one position to another. It does not interfere with the 


indications ¢ 





* Typical of the hundreds of actual and potential applications of BRISTOL'S Automatic 
Process Control in wide use today ere the following: 


Automatic Temperature Contrcl of Seal Water in 
Direct Steam Heated Gas Holders and Circulat- 
ing Water Heated Gas Holders. Bulletin 960-E. 
Automatic Operation Control of Producer Gas 
Machines. Bulletin 961-Al. 

BRISTOL also makes a complete line of instru- 
ments for indicating, recording, and controlling 
pressure, vacuum, temperature, voltage, current, 
power, frequency, motion, time, speed, humidity, 
liquid level, flow; as well as electric motor oper- 
ated and diaphragm motor operated valves for 
process control, 


Full Floating Recorder Controller! 
Employing a unique and revolutionary principle of opera- 
tion, this new BRISTOL’S Air-< )perate d Free Vane Re- 


+; 


corder Controller makes pos ible automatic regulation of 

the temperature to a degree heretofore unobtainable. 

Under the influence of temperature fluctuations, the Free 
1c , 

zed for ettecting control actually floats from 


he 


motion of the recording element to which it is attached. 
} 
li 


sclose faithfully the state of the 


process under control. Write for Catalog 4001. 








Mare 


BRIS 


v. Ss. Pat. co 


NTROL 


NEW “ROBOT” has made its bow 
l \ to industry. It is BR OL’s 


Automatic Process Control, and jt; 

getting an enthusiastic wel 

executives responsible f 

costs and maintaining quality. It 

welcome because it is teachi: 1S- 
ry how to abolish the evils a 

of rule-of-thumb production p: 


BRISTOL’S Automatic Process Cop- 
trol mechanizes routine op¢ 

By banishing the innumera ev- 
ularities that always creep in when 


such operations are under manua 


supervision, BRISTOL’S Automat 
Process Control standardizes p: 
tion with scientific accuracy, It 


guarantees strict uniformity in qua 

It excludes rejects. It Saves time; 
releases labor and brain power 
other more important work, 


BRISTOL’S Automatic Process Con- 
trol is complete and comprehensive. 
It is so diversified in design, type, 
operation and applicati 
makes possible the best sol 
a specified control problem. 


Our Application* Engineers will ap- 
preciate the privilege of telling | 
about BRISTOL’S Automatic Process 
Control and the opportunities 
you. If you permit, they will investi- 
gate and interpret your particu 
conditions and needs, design a 
specially planned for your in 
requirements, supervise its 

tion, and assume undivided 1 nsi- 
bility for the method pr ed, 
equipment furnished, and for the 
performance obtained. 


THE BRISTOL COMPANY 


WATERBURY CONN 

Branch Off Air = én y 

Denver, Detroit, Los Ang Yort 
Phi hia, St. 1 


O LS Mutomatic Process Conirl 











